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Abstract
The purpose of this study was to evaluate functional outcomes among individuals with
acquired brain injury who received treatment at a postacute brain injury rehabilitation
program over a 3-year period (2008 to 2010). Participation in community and/or social
roles, supervision required, and adaptive functioning outcomes were evaluated in a
sample of 109 adults (71% male, 29% female; 88.1% White, 11.9% non-White; 67.9%
injured at 18 years of age or older, 32.1% injured at under 18 years of age). Contrary to
the hypotheses, there was a statistically significant increase in adaptive functioning and
supervision required scores, suggesting increasing impairment over time. Though
statistically significant, these results may not be clinically significant. There was no
difference in participation over time. Results indicated no significant difference in
outcome across gender, age at injury, or ethnicity. The results of this study highlight the
importance of considering time since injury as a confound in brain injury research and
statistical versus clinical significance when interpreting research findings.
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Introduction
Statement of the Problem
Acquired brain injury is a common condition, accounting for approximately
1,365,000 emergency department visits, 275,000 hospitalizations, and 52,000 deaths
annually (Faul, Xu, Wauld, & Coronado, 2010). In the United States, the prevalence of
individuals with chronic traumatic brain injury related complications is 5.3 million.
Though large, 5.3 million may be an underestimate because cognitive and behavioral
impairments are often misdiagnosed or overlooked by medical professionals, who tend to
focus on more detectable physical impairments (Flanagan, Cantor, & Ashman, 2008).
Further, this data only includes traumatic brain injuries and does not include
nontraumatic brain injuries such as stroke, cancer, or anoxia. It is predicted that the
aging population may experience an increase in the prevalence of traumatic brain injury
over the next few decades because they are at an increased risk and generally have poorer
outcomes (Centers for Disease Control and Prevention (CDC), 2008; Flanagan, Cantor, &
Ashman, 2008).
Individuals with a brain injury typically have a combination of cognitive,
behavioral, emotional, social functioning, and physical impairments (Flanagan et al.,
2008; Myles, 2004). Mild brain injury is often associated with dizziness, headaches,
irritability, emotional lability, and deficits in attention, executive function, and
concentration. Typically, these difficulties last for a few months, but may persist for a
longer period. More severe brain injury can cause more serious, chronic problems, such
as amnesia, attention impairments, executive functioning impairments, vision
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impairments, loss of smell, language deficits, seizure disorder, hemiplegia or
hemiparesis, gait dysfunction, anxiety, personality change, and depression (Myles, 2004).
Rehabilitation for traumatic brain injury is costly. It is estimated that the average
cost of treatment for a mild brain injury is $85,000, a moderate brain injury is $941,000,
and a severe brain injury is $3 million. Overall, the annual cost of brain injury treatment
in the United States is estimated at $48.3 billion, with $37.5 billion of that spent on
trauma and acute care costs (brainandspinalcord.org, n.d.). According to the CDC
(2009), the cost of acute care and postacute rehabilitation for brain injury is between $9
and $10 billion annually. In addition to the financial costs of rehabilitation, survivors of
traumatic brain injury may also incur lost wages and loss of financial security for their
families. The cost of brain injury related wage loss and disability is estimated at $20.6
billion (Ricker, 2010). It has been estimated that the combined cost of medical care and
lost productivity stemming from brain injury is over $60 billion annually (Brain Injury
Association of America, n.d.; Finkelstein, Corso, & Miller, 2006).
Considering the costs associated with acquired brain injury rehabilitation, it is
important to evaluate functional outcomes among individuals who participate in
postacute brain injury rehabilitation. Functional outcome data is vital for determination
of improvement for those receiving services (Üstün, Chatterji, Bickenbach, Kostanjsek,
& Schneider, 2003). A solid understanding of outcomes and the patient characteristics
that predict outcomes are important when formulating treatment goals and monitoring
progress, assessing the need to change course of or terminate treatment, and allocating
costs.
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A traditional view of outcomes in rehabilitation compares the status of the patient
at the end of treatment to their status at the beginning. The majority of studies in brain
injury rehabilitation utilize outcome measures at the beginning and end of treatment.
This does not allow the rehabilitation team to assess treatment efficacy while treatment is
in progress, which is particularly important because there is a continuum of services
involved in the support of individuals with brain injuries (Williams, Evans, & Wilson,
1999). Treatment for acquired brain injury starts with acute treatment and progresses to
postacute rehabilitation and long-term care, if required (brainandspinalcord.org, n.d.).
Outcomes may be better viewed in terms of status at various points along the continuum
of services utilized (Williams, Evans, & Wilson, 1999). Collecting continuous data on
specified variables of interest provides a more complete picture of an individual’s
functioning over time. Administering outcome measures throughout various points
during treatment allows the treatment team to monitor progress or lack of progress and
make changes accordingly. There is a clear need for empirical evaluation of programs
that monitor progress at regular intervals.
At this time, research suggests that age, gender, and ethnicity impact
rehabilitation outcomes for individuals with acquired brain injury. While the research on
ethnicity clearly indicates there are disparities in brain injury outcome for minorities
(Bowman, Martin, Sharar, & Zimmerman, 2007; Hart, Whyte, Polansky, KerseyMatusiak, & Fidler-Sheppard, 2005; Mascialino et al., 2009), the research on age is not as
clear. Some of the literature suggests that older individuals have poorer outcomes (Cifu
et al., 1996; Putnam & Adams, 1992; Slewa-Younan, Baguley, Heriseanu, Cameron,
Pitsiavas, Mudaliar, & Nayyar., 2008; Thompson, McCormick, & Kagan, 2006) while
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other studies have found no difference (Deb & Burns, 2007; Rapoport & Feinstein,
2001). Presently, the research on gender is inconclusive as well. While some findings
suggest women have better outcomes (Groswasser, Cohen, & Keren, 1998; SlewaYounan, Baguley, et al., 2008), others indicate men have better outcomes (Liossi &
Wood, 2009), and some of the research suggests there is no difference in outcomes when
comparing the two genders (Slewa-Younan, van den Berg, Baguley, Nott, & Cameron,
2008; Tsushima, Lum, & Geling, 2009). These findings may be greatly affected by the
type of outcome being evaluated due to the lack of uniformity in outcome measures and
domains. If specific preinjury characteristics are correlated with poor outcomes,
identification of individuals meeting these criteria will allow clinicians the opportunity to
target these individuals and provide additional resources to help improve projected
outcomes.
Purpose of the Study
The purpose of this study was to evaluate important functional outcomes among
individuals with acquired brain injury who received treatment at a postacute brain injury
rehabilitation program. This study evaluated if there was improvement over a 3-year
span in participants functional outcome. This study also evaluated specific preexisting
characteristics (specifically ethnicity, age, and gender) to determine if they were
correlated with outcome for the purpose of identifying subgroups that require additional
intervention for optimal outcomes.
Relevance to goals of the program.
This study highlights Philadelphia College of Osteopathic Medicine’s Clinical
Psychology Psy.D. program’s goal of producing practitioner scholars with an
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appreciation and comprehension of the general knowledge base of psychology. This
outcome study demonstrates student knowledge of research methodology and techniques
of data analysis. Further, outcomes research is important for the development of
empirically supported treatments, a major goal of this program.
Literature Review
Brain injury.
Pathophysiological mechanisms of brain injury.
Injury to the brain that occurs after birth is referred to as an acquired brain injury.
These injuries may be caused by an external force or an internal occurrence and can be
classified as nontraumatic or traumatic (Gennarelli & Graham, 2005). Despite etiology,
patients with acquired brain injury have a similar clinical course. This begins with focal
or diffuse impairment of brain function, progresses to physiological repair and
reorganization, and usually plateaus at a stable level of functioning (Cullen, Park, &
Bayley, 2008), where gains are still possible but are typically not as significant.
Nontraumatic brain injuries may be caused by infections such as encephalitis and
meningitis, brain tumors, reduced oxygen or hypoxia from accidents such as drowning or
choking, strokes and other vascular problems, metabolic dysfunction such as insulin
shock and kidney disease, electrical shock, lightning strike, blood loss, artery
impingement, shock, heart attack, or ingestion and inhalation of toxic products such as
mercury, lead, cocaine, and other chemical agents (brainandspinalcord.org, n.d.;
Gennarelli & Graham, 2005; Rotto, 1998). Nontraumatic brain injury may lead to
oxygen deprivation to specific parts of the brain (focal anoxia) or diffuse deprivation
(hypoxia). Anoxia and hypoxia lead to chemical changes that result in edema, or brain
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swelling. This in turn leads to further damage as swelling compresses brain cells and
blood vessels that feed the brain, compounding the initial effect of the damage
(Dimancescu, 2007).
Traumatic brain injury is caused by an external force of enough magnitude to
produce structural and/or physiological changes in the nerve tissue of the brain
(Gennarelli & Graham, 2005; Ricker, 2010; Rotto, 1998). Traumatic brain injuries can
be described as open or closed head injuries (Gennarelli & Graham, 2005; Miller, 1993;
Rotto, 1998). Open head injuries are those in which the skull is penetrated and contact is
made between brain tissue and the outside environment. Examples of open head injuries
include stab wounds, gunshots, and blows from other objects that penetrate the skull
(Gennarelli & Graham, 2005; Miller, 1993). Open head injuries are also referred to as
penetrating head injuries (Lezak, Howieson, & Loring, 2004). In open head injuries,
primary damage tends to be localized or restricted to the limited area at the penetration
point and surrounding the path of the penetrating object. Open head injuries may result
in memory impairment, intellectual and behavioral changes, problems with attention and
concentration, mental slowing, and difficulty coping with everyday cognitive demands
(Gennarelli & Graham, 2005; Rotto, 1998).
Closed head injuries, the most common type of head injury, result from direct
impact to the brain from a blow, shock, or jar to the head without penetration (Lezak, et
al., 2004; Miller, 1993; Rotto, 1998). Closed head injuries are also called blunt head
injuries (Lezak, et al., 2004). The force of the trauma is transferred directly to the brain
within the enclosed skull (Gennarelli & Graham, 2005; Miller, 1993; Rotto, 1998). The
damage results from the forces of direct contact as well as from acceleration and
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deceleration, leading to continued movement and rotation of the brain within the skull.
The brain, which is made of a gelatin like substance, is bounced off opposite sides of the
skull and bruised with each repeated impact (Rotto, 1998). Trauma at the impact site
results in coup lesions. Contrecoup lesions occur on the opposite side of the impact site
and are caused by rebound trauma or a cavitating pressure wave (Lezak, et al., 2004;
Miller, 1993; Rotto, 1998).
Closed head injuries can cause three types of primary injury: skull fracture,
concussion, and contusion. A skull fracture is a crack in the bony case surrounding the
brain called the cranium. Skull fractures may range in severity from a small linear
fracture observable only by x-ray to a depressed fracture in which the bone extends
inward into the brain. Concussions occur when the brain strikes the inside of the skull,
causing headache, dizziness, feeling dazed and confused, and possibly temporary loss of
consciousness. The most severe type of primary injury is a contusion (Gennarelli &
Graham, 2005; Rotto, 1998), which refers to bruising of the brain that usually involves a
combination of clearly observable laceration, swelling, and hemorrhage, or leaking of
blood into brain tissue (Gennarelli & Graham, 2005; Miller, 1993). Bleeding within the
cranium causes damaging and potentially fatal pressure on the brain because the skull
prevents blood from escaping and allows minimal room for accumulation. Bleeding
between the skull and the outermost covering of the brain is called an epidural hematoma,
bleeding between the middle and innermost coverings is called a subdural hematoma, and
bleeding within the brain is called an intracranial hematoma (Rotto, 1998).
Traumatic injuries to the brain occur in two stages. Primary injury results in
tissue disruption and immediately follows the impact. Secondary damage follows the
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initial stage and includes intracranial pressure or buildup of pressure within the skull,
hypoxia or oxygen deprivation, hemorrhage that can result in a hematoma or clotting,
edema or brain swelling from the collection of fluid surrounding damaged brain tissue,
infarction or tissue death caused by reduced blood flow, and infection. Secondary
damage may also result from metabolic changes such as hyperventilation, electrolyte
disturbances (e.g., salt and water retention), hyperthermia (excessive fever), and damage
to the pituitary gland or hypothalamus (Gennarelli & Graham, 2005; Ricker, 2010; Rotto,
1998).
Traumatic brain injuries are diagnosed in terms of severity, typically using the
terms mild, moderate, and severe. These designations are based on the individual’s
physical indicators, level of consciousness, and degree of posttraumatic amnesia, or loss
of memory, following the injury (King & Tyerman, 2003; Ricker, 2010; Rotto, 1998).
The Glasgow Coma Scale (GCS) is the most widely used clinical measure of traumatic
brain injury severity (Sherer, Struchen, Yablon, Wang, & Nick, 2008). The GCS is an
ordinal scale that assesses the individual’s eye movement, motor functions, and
verbalizations. Scores range from 3 to15, with lower scores representing decreased levels
of consciousness. Scores of 13 to 15 reflect mild brain injury, scores from 9 to 12
suggest moderate injuries, and scores of 8 and below indicate severe injuries (Ricker,
2010). Generally, the severity of the injury provides some prognostic indication (King &
Tyerman, 2003; Rotto, 1998).
Epidemiology of brain injury
Accurate data on the incidence and prevalence of acquired brain injury is difficult
to obtain due to incongruities in classification procedures and methodological weaknesses
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(Lezak, et al., 2004). It is estimated that there are approximately 52,000 deaths, 275,000
hospitalizations, and 1,365,000 medically attended individuals with head injury annually
(Faul, Xu, Wauld, & Coronado, 2010). Traumatic brain injury peaks in the 15 to 24year-old range, with high incidence rates for children aged 0 to 5 years and for elderly
individuals. Falls account for over 50% of the injuries incurred by infants, young
children, and adults over the age of 64. Motor vehicle accidents account for 50% of all
head injuries in the other age groups. Motorcyclists have a higher mortality rate than
motor vehicle occupants; pedestrians injured in traffic accidents have the highest
mortality rate (Lezak, et al., 2004). Men sustain traumatic brain injuries almost twice as
frequently as women. This gender difference is greatest at the peak trauma years (15 to
24). The only exception to this is the over 65 age group, in which women outnumber
men. Other risk factors for brain injury include lower socioeconomic status,
unemployment, and lower educational levels. In these groups, brain injuries are more
frequently due to falls or assaults. Violent traumatic brain injury (e.g., gunshot wound,
assault) is higher among young males who have attained less than a high school
education, are unemployed, have a high blood alcohol level at time of injury, and are
African American (Lezak, et al., 2004).
Effects of brain injury.
The acute effects of brain injury relate to the pathophysiological events that occur
in the initial hours, days, or weeks following injury. In the mildest cases of brain injury,
there may be a period of temporary confusion without disturbance of consciousness.
Sometimes, a loss of consciousness occurs. The period of unconsciousness is usually
followed by an interval of disorientation, confusion, and sometimes delirium and
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agitation. Full consciousness gradually returns over a period of minutes, hours, days, or
months, depending on level of injury severity (Gennarelli & Graham, 2005; Miller,
1993).
Individuals who have sustained acquired brain injuries are diverse in terms of
disrupted neurological and cognitive functions (Gennarelli & Graham, 2005; Rotto,
1998). It is difficult to predict the specific sequelae for individuals because of differing
etiologies and the multifaceted nature of possible systemic and brain dysfunction (Ricker,
2010). In general, individuals with brain injuries display a wide array of difficulties and
abilities in one or multiple areas: physical functioning, communication, cognitive
functioning, social-emotional functioning, and behavioral control (King & Tyerman,
2003; Rotto, 1998). Specifically, this translates to deficits in arousal, memory, and
attention; impaired language and communication; difficulties in initiating, organizing,
maintaining, or engaging in goal-directed behavior; self-monitoring and awareness of
deficits; and emotional/ behavioral difficulties, such as disinhibition, aggression,
depression, and anxiety (Ricker, 2010). Previously acquired knowledge and academic
skills often remain intact, while new learning is frequently affected (Ricker, 2010; Rotto,
1998). Traumatic brain injury usually occurs along with injuries to other parts of the
body. Physical limitations may be caused by the effects of brain damage on the motor
system or injuries that are not related to the brain but co-occur (e.g., bone fractures)
(Rotto, 1998).
Rehabilitation of brain injury.
Brain injury rehabilitation is characterized by a high degree of variability in
recovery, disability, pathways of care, and outcomes (Doig, Fleming, & Tooth, 2001;
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Reistetter & Abreu, 2005). The main goal of rehabilitation is to maximize functioning.
The continuum includes trauma care, rehabilitation units and freestanding rehabilitation
hospitals (acute inpatient rehabilitation), and postacute rehabilitation programs. Acute
hospitals are utilized during the early stages of brain injury and are designed to provide
emergency care and early treatment, and to minimize the long-term effects and
complications of brain injury. Individuals remain in the acute hospital until medically
stable; length of stay depends on the need for surgery, severity of the brain injury,
presence and duration of coma, and presence and severity of complications. Once
medically stable and if needed, the individual is referred to an inpatient rehabilitation
hospital or an acute rehabilitation unit in a hospital (brainandspinalcord.org, n.d.; Cullen,
Chundamala, Bayley, & Jutai, 2007). While in the acute rehabilitation setting, an
individual continues the recovery process and receives varied services from an
interdisciplinary team that typically include physical therapy, occupational therapy,
speech and language therapy, psychological treatment, and cognitive rehabilitation. Once
acute rehabilitation treatment is completed, if needed, individuals are referred to
postacute rehabilitation programs. Examples of postacute programs include day
program/outpatient rehabilitation, residential rehabilitation, home care, assisted living,
nursing facilities, and vocational rehabilitation, which also utilize interdisciplinary teams
to facilitate further functional gains (brainandspinalcord.org, n.d.).
Throughout the rehabilitation continuum, individuals are expected to take an
active role in their rehabilitation, although the intensity of rehabilitation may vary across
settings. Rehabilitation programs place importance on awareness and acceptance of
strengths and challenges. Brain injury survivors are expected to develop compensatory
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strategies that can be generalized to the natural environment. Interventions within
rehabilitation programs aim to empower survivors and their families to manage or reduce
the impact of challenges stemming from brain injury and increase ability to participate in
one’s community of choice (Caplan, 2009; King & Tyerman, 2003; Williams, et al.,
1999). Examples of functional goals within the postacute rehabilitation setting include
increasing functional mobility, overcoming social or physical barriers, acquiring skills to
compensate for memory impairments, participation in social and leisure activities, and
returning to work (Brown, et al., 2004).
Treatment is best achieved through a comprehensive, holistic approach targeting
emotional, cognitive, and functional impairments and disability (Cicerone, Mott, Azulay,
& Friel, 2004). Comprehensive brain injury rehabilitation includes a neuropsychological
focus addressing interpersonal, cognitive, and affective concerns; group interventions
addressing social skills, awareness, and acceptance; active involvement of family and
friends; and techniques to improve vocational functioning, independent living, and
community integration skills (Malec & Basford, 1996). Within this context, outcome
definition involves defining expected gains to be achieved in order to facilitate long-term
successful adjustment in community settings (Caplan, 2009; King & Tyerman, 2003;
Williams, et al., 1999).
Theoretical foundations of brain injury rehabilitation.
A theoretical or explanatory model is important when evaluating rehabilitation
outcomes, as it guides decision making and defines concepts and vocabulary used in the
process. The guiding theories of rehabilitation must relate to both illness and the process
of rehabilitation itself. Thus, two models or theories are required. One theory should
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relate to illness and disability. It must explain how activity limitations emerge and guide
the factors targeted by treatment (Wade, 2005a). Models of illness are important, as they
facilitate a logical and systematic analysis of clinical issues and allow for a coherent
treatment plan (Wade, 2005b). The second theory should address the process, goals, and
organization of rehabilitation (Wade, 2005a).
The illness and disability model used in brain injury rehabilitation is the
International Classification of Functioning (ICF) (Brownsberger & Hibbard, 2010; Üstün,
Chatterji, Bickenbach, Kostanjsek, & Schneider, 2003; Wade, 2005a , 2005 b; Wade and
Halligan, 2003). The ICF was approved by the World Health Organization (WHO) in
2001 to provide a synthesized framework for describing the consequences of disease
(CDC, 2009; Wade & Halligan, 2003). The conceptual and pragmatic framework
provided by the ICF allows for a greater understanding of health issues, how they may be
described, and how they may be alleviated (Wade & Halligan, 2003). According to the
ICF framework, any individual with an illness may be described using four levels. The
first descriptive level is pathology, which refers to changes or abnormalities in the
function and/or structure of an organ or organ system. Problems at this level are
classified using the International Statistical Classification of Diseases and Related Health
Problems (ICD). The second level is impairment, which refers to changes or
abnormalities in the function and/or structure of the whole body. To aid in clarifying the
difference between pathology and impairment, note that a synonym for impairment
would be symptoms while a synonym for pathology is disease or diagnosis (CDC, 2009;
Wade, 2005a, 2005 b). The third descriptive level is the interaction between a person’s
behavior and their environment (CDC, 2009). Problems at this level were called
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disabilities in previous editions of WHO’s classification and are now referred to as
limitations on activities performed. Limitation means the individual is either unable to
perform an activity, performs it at a slow speed (quantitative changes), or performs it in a
way that is different from the way the general population performs the activity
(qualitative change) (CDC, 2009; Wade, 2005a, 2005 b). The last level is limitation of
participation in one’s social environment. This level was called handicap in previous ICF
classifications (CDC, 2009).
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The four levels provide a description of the illness within the individual
(impairment and pathology) and in terms of its external consequences (activity and
participation). Further, three contextual factors must be considered in order to gain a full
understanding of the individual. The ICF recognizes personal, physical, and social
factors to be of great importance (CDC, 2009). The personal context refers to an
individual’s personal attitudes, expectations, reasoning, style, and beliefs. This factor is
internal and may be influenced by past experiences and general cultural factors. The
physical context refers to the environmental objects around the individual, such as the
availability of helpers and necessary equipment. This concept may be described as
resources. This factor is external and may be observed by anyone. The social contextual
factor refers to the individuals and organizations that are important to the individual. The
social factor is also external (CDC, 2009; Wade, 2005a, 2005 b), but often less
observable (e.g., attitudinal barriers). To summarize, brain injury rehabilitation using the
ICF leads to the following goals of rehabilitation: brain injury rehabilitation reduces
pathology and impairment while increasing activities and social participation and altering
personal, physical, and social contexts.
In contrast, at this time, there is no consensus on a widely used descriptive model
of rehabilitation although one is essential to describe the process. A problem-solving
model has been proposed and developed (Wade, 2005 a; Wade & de Jong, 2000). This
model posits that rehabilitation is a problem solving process that focuses on decreasing
activity limitations with the goal of optimizing social participation and well-being. This
model’s working definition considers rehabilitation as “an educational, problem-solving
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process that focuses on activity limitations and aims to optimize patient social
participation and well being, and so reduce stress on carer/family” (Wade, 2005, p. 814).
As a problem solving process, the first stage of rehabilitation is to identify the
issues faced by the individual. Given that one of the goals of rehabilitation is to reduce
activity limitations, this would involve screening for activity limitations and
understanding the person’s values and expectations. The second stage is to set short- and
long-term goals (Wade, 2005 a; Wade & de Jong, 2000). The third stage is to plan and
implement appropriate interventions to meet the stated goals (Wade, 2005 a; Wade & de
Jong, 2000). Interventions include support and treatment. Support is defined as any
intervention that maintains the individual’s situation. This includes physiological support
within an intensive care unit (ICU) and support in basic activities, such as feeding,
toileting, and dressing. Treatment is any intervention that leads to a sustained change in
the expected course of the individual’s injury. The change should be sustained after
treatment is terminated. If continuing treatment is required to maintain the change, the
treatment can then be considered as support (Wade, 2005 a).
The final stage of rehabilitation is to evaluate the effects of the interventions
against the goals. At this point, a determination should be made of whether unresolved
but treatable problems remain or whether all resolvable issues have been treated. If
problems remain, they are identified and evaluated, renewing the cycle. If all problems
are resolved, a discharge plan outlining health maintenance, review, and re-entry to
rehabilitation, if needed, should be developed (Wade, 2005).
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Postacute brain injury treatment outcomes.
Since 1980, the number of postacute rehabilitation facilities and programs has
dramatically increased. There were 12 facilities specializing in brain injury rehabilitation
in 1980. By 1987, there were 618 programs. At this time, there are over 1,000 programs
specializing in brain injury rehabilitation (Putnam & Adams, 1992). This is partly due to
advances in technology, improved emergency response, and acute trauma care that have
greatly improved survival rates after a brain injury. Prior to the origination of the shock
trauma unit in the 1970s, 50% of individuals died as a result of their traumatic brain
injuries. In 1992, it was estimated that 90% of individuals with brain injury survived
after treatment in the shock trauma unit (Papastrat, 1992). Although survival rates have
improved, brain injury remains a major health concern (Fearnside & Simpson, 2005).
In a 1982 study, Rimel, Giordani, Barth, and Jane found that 65% of patients with
moderate traumatic brain injury and subdural hematoma died or had poor outcome. In
their 2003 study, however, Labi, Brentjens, Coad, Flynn, and Zielezny found that 21% of
patients with moderate traumatic brain injury and subdural hematoma died. Further, all
survivors were considered to have good outcomes, based on the Rancho Los Amigos
Scale (a scale that rates cognitive functioning and expected behaviors following brain
injury), with scores of 7 or 8 of a possible score of 10. Advocacy from the National Head
Injury Foundation (now Brain Injury Association of America), the insurance industry,
and legislative mandates also contributed to the increase in available rehabilitation
programs over the years. With this increase in brain injury survival and rehabilitation
services, there is now a demand for evidence demonstrating that rehabilitation produces
change in patients’ level of functioning (Putnam & Adams, 1992).
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Brain injury rehabilitation expansion occurred at an aggressive pace despite a lack
of empirical data supporting the efficacy of postacute rehabilitation programs. Service
providers stated that rehabilitation was clinically effective, it provided patients with
enduring positive outcomes, and its benefits outweighed the cost of the treatment. The
lack of strong scientific data initially available to support these claims resulted in
skepticism over the value of rehabilitation services. Reliable and validated outcome
information was required to address treatment effectiveness and outcome durability
(Evans & Ruff, 1992).
Health-related fields recognize the importance of assessing outcome, including
the extent to which interventions benefit recipients. Outcome assessment is one of three
overarching methods used in program evaluation (Fabian, 2010; Heinemann, 2005). The
three components of health care quality management are structure, process, and outcome.
Structure refers to an organization’s facilities, personnel, equipment, and administration.
Process refers to record keeping, management procedures, treatment planning, diagnosis,
and treatment delivery. Outcome, the focus of this study, refers to the desired benefits of
health care efforts. Early evaluations of health care focused on process and structure due
to the availability of that information. Although all three components are important when
conducting a full program evaluation, accreditation bodies now emphasize outcome
rather than a limited focus on process and structure (Heinemann, 2005).
The Commission on the Accreditation of Rehabilitation Facilities (CARF), the
body that accredits the program being evaluated in the current study, requires programs to
evaluate outcomes, not just processes (www.carf.org). Furthermore, managed care
companies emphasize outcome criteria when reimbursing empirically supported
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treatments. Consumer groups expect health providers, including postacute rehabilitation
facilities, to demonstrate the benefits of their services and thus allow individuals the
opportunity to select and evaluate program quality (Fabian, 2010; Ricker, 2010). Finally,
federal policy underscores the value of outcome evaluation (Fabian, 2010). For example,
the National Institute on Disability and Rehabilitation Research (NIDRR) funds
development of outcome measures in order to comprehensively capture the benefits of
different types of rehabilitation services, including postacute rehabilitation (Fabian,
2010). NIDRR is an agency founded by Congress to improve options for individuals
with disabilities to participate in the community and to expand the community’s ability to
provide opportunities and necessary supports for individuals with disabilities (National
Institute on Disability and Rehabilitation Research, 2000).
Outcome following traumatic brain injury was initially defined by coma scales
and survival rates. With increased survival rates and generally normal lifespan of
survivors, outcome interest has shifted toward long-term functional status indicators
(Sherer, Ber Gloff, High, & Nick, 1999), such as participation and independent living.
Another antecedent for this shift was the change in emphasis from remediating deficits
within the person, consistent with the medical model, to an emphasis towards viewing
disability as the interaction between individual and environment (Fabian, 2010; U.S.
Department of Education, Office of Special Education and Rehabilitative Services, &
National Institute on Disability and Rehabilitation Research, 2000).
Generally, rehabilitation outcome research now emphasizes measuring functional
capacity across the domains of movement, learning and applying knowledge, self-care,
interpersonal relationships, domestic life, communication, and performing tasks involved
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in life activities (Fabian, 2010; Mermis, 2005). Mermis (2005) proposes a taxonomy for
rehabilitation outcomes based on a theory of integrated levels that explains the relevance
of all the domains emphasized in rehabilitation outcomes research. According to
Mermis’ (2005) taxonomy, “physiologic and neuropsychological functions are necessary
for expressions of physical capability and function and are also necessary for
psychological function. Generally, social function depends on psychological function,
and vocational and avocational function depend on social” (p. 17). Basically, each
domain or construct assessed in outcomes research influences the other domains, the
patient, and therefore outcome.
The ICF framework presents two possible levels for measuring outcome in
rehabilitation: activities and participation. Activities are behaviors undertaken by the
individual, and participation refers to the gaining of social roles through participation in
their community of choice (Dalemans, de Witte, Lemmens, van den Heuvel, & Wade,
2008). The ICF’s focus on participation and activities emphasizes the importance of
social participation in the life of all human beings, despite illness or disability. This
framework provides a conceptualization of how physical or cognitive impairment affects
one’s ability to participate in society. It focuses on functional outcomes within an
environmental context (Fabian, 2010). Further, by the time an individual is referred to a
postacute rehabilitation setting, it is presumed that pathology and impairment are
relatively stable. Therefore, a primary focus on activities and participation is logical.
Understanding the impact of brain injury and developing effective treatments to
help minimize disability postinjury is an important goal for many organizations at this
time. Funded by NIDRR, the Traumatic Brain Injury Model Systems of Care (TBIMS) is
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facilitating the first prospective, longitudinal multicenter study to evaluate recovery and
outcomes following inpatient rehabilitation (Traumatic Brain Injury Model Systems
National Data and Statistical Center, 2010). The TBIMS was modeled after the existing
Spinal Cord Injury Model Systems of Care (Ricker, 2010). The TBIMS consists of 16
centers that are considered to be national leaders in providing interdisciplinary
rehabilitation for individuals with TBI. The centers provide a continuum of care
including emergency care, acute care, acute rehabilitation, and postacute rehabilitation.
The overarching goal of their research is to contribute evidence-based rehabilitation
interventions that improve functioning and the quality of life for individuals who sustain
a brain injury, stressing comprehensiveness and continuity of care. The research
undertaken within the model systems focuses on health and function, employment,
participation and community living, and technology for access and function (Ricker,
2010; Traumatic Brain Injury Model Systems National Data and Statistical Center, 2010).
In a study evaluating functional changes between 1 and 5 years postinjury,
Hammond et al. (2004) utilized information from 301 individuals from the TBI Model
Systems National Database. Specifically, they examined the Disability Rating Scale’s
(DRS) Level of Functioning and Employability items. On the Level of Functioning item,
18% of individuals improved, 76% did not demonstrate change, and 7% of the
individuals functioned at a lower level. On the Employability item from year 1 to year 5,
17% of individuals improved, 79% did not demonstrate change, and 5% declined. These
results are limited to acute inpatient brain injury rehabilitation and cannot be generalized
to postacute patients, the focus of the current study.
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Evaluating the outcome of stroke patients after treatment in postacute brain injury
rehabilitation, Adams et al. (2004) performed a pretreatment and posttreatment
observation study. They reviewed the medical records of 127 patients and obtained
follow-up data from 90 participants approximately 1 year after discharge. Specifically,
the authors examined productivity (competitive, modified, and supported employment,
education, homemaking, sheltered workshop, volunteer work, and nonproductive) and
levels of independence using two scales completed by professional consensus (clinicians
who evaluated patients collaborated on scores). The findings indicated that participants
showed improvements in productivity and independence from admission to discharge and
maintained these gains 1 year later, supporting the benefits of postacute brain injury
rehabilitation.
Goranson et al. (2003) evaluated the effects of postacute rehabilitation on
community integration in individuals with mild to moderate brain injury. They
conducted a nonrandomized case control study using a pretest posttest multiple
regression design, using archival data from 42 individuals. Half of the individuals
received postacute brain injury rehabilitation and the other half (control group) did not.
The two groups were matched for age, gender, and education. The results indicated that
individuals who participated in postacute rehabilitation achieved greater improvement in
community integration compared to the control group.
Worthington et al. (2006) performed a multicenter prospective cohort design
during which they evaluated the clinical and cost outcomes of postacute brain injury
rehabilitation. Outcome measures focused on functional ability, amount and type of
treatment, employment, participation in social roles, and type of residence. One hundred
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and thirty-three individuals with severe acquired brain injuries were administered
outcome measures at the time of admission, at discharge, and after discharge from the
postacute rehabilitation program. Results indicated that significant gains were made at
discharge and follow-up. Significant improvements were noted in level of care required,
employment, type of accommodation, functional ability, and participation in social roles.
Notably, patients admitted to postacute brain injury rehabilitation less than 1 year
postinjury made the most progress. However, individuals continued to demonstrate
significant improvement well beyond the period when most natural recovery would take
place (within 1 year postinjury). Further, they calculated that the costs associated with
postacute brain injury rehabilitation were offset by savings in later support costs.
In a study evaluating the long-term benefits of postacute brain injury
rehabilitation, Svendsen and Teasdale (2006) performed a nonrandomized follow-up
study using a control group derived from a previous epidemiological study (Engberg &
Teasdale, 2004). They administered a set of questionnaires to 37 adults with acquired
brain injuries who had undergone postacute brain injury rehabilitation and to their
significant others 12 to 22 years postinjury. The questionnaires targeted general brain
injury symptoms including competency, self-efficacy, locus of control, anxiety,
depression, and quality of life. The findings suggested that individuals who engaged in
postacute brain injury rehabilitation showed significantly lower levels of anxiety and
depression compared to the control group. The rehabilitation group also indicated higher
levels of competency, general self-efficacy, and internal locus of control than the control
group. Considering methodological limitations (small sample size, injury severity was
more severe in the control group, retrospective nonrandomized design used individuals
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from different rehabilitation programs), this study suggests that postacute brain injury
rehabilitation programs have positive long-term effects.
Seale et al. (2002) conducted a prospective cohort study during which they
evaluated the effects of postacute brain injury rehabilitation on community integration
within a brain injury sample that was treated within 5 years postinjury. They separated
87 adults with brain injury into two groups: less than 1 year postinjury and more than 1
year postinjury. There were no statistically significant differences in participant
characteristics across the two groups. The participants were administered a measure of
community integration on the first day of treatment and approximately 1 month after
discharge. Analysis revealed that both groups significantly improved from admission to
follow-up. Notably, the group of individuals less than 1 year postinjury when admitted
improved more than the comparison group. The findings suggest that postacute brain
injury rehabilitation leads to improvements in community integration, a valued outcome
following brain injury. It also supports the beneficial contributions of postacute brain
injury rehabilitation beyond 1 year postinjury.
Thus far, the research suggests that individuals with acquired brain injuries
benefit from involvement in postacute brain injury rehabilitation. Due to the multiple
ways in which brain injuries impact functioning in individuals, there are a multitude of
constructs that may be utilized to assess the effectiveness of brain injury rehabilitation.
The previously mentioned studies evaluated the effects of treatment on general adaptive
functioning, employment, independence, community integration, involvement in social
roles, type of residence, amount and type of care required, self-efficacy, mood, and
quality of life. There is no consensus on which factors are most important, as brain injury
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typically has a global effect, impacting multiple domains. Postacute brain injury
rehabilitation outcome is impacted by many factors, including type of outcome being
evaluated, preinjury characteristics, injury characteristics, and postinjury factors such as
availability of treatment and social support. Despite this, many studies support the value
and effectiveness of this form of treatment (Braunling-McMorrow, Dollinger, Gould,
Neumann, & Heiligenthal, R 2010).
Notably, it is important to review the clinical course of brain injury. Impairment
of brain function progresses to physiological repair and reorganization, followed by a
plateau during which gains are possible but not as significant (Cullen, Park, & Bayley,
2008). In the field of brain injury rehabilitation, there is a belief that certain individuals
will regress without rehabilitation. At a certain point, the goal becomes maintenance of
current functioning. Research into this premise is lacking due to ethical considerations
(Eicher, 2011).
There is a paucity of literature on outcomes targeting long-term survivors of brain
injury (10 or more years postinjury). As the survival rate from brain trauma improves,
individuals are living longer and requiring supports for extended periods of time, but
there are few indicators of whether or what type of long-term supports are beneficial.
The literature also lacks studies that evaluate periodically over the course of treatment,
not just at the start and termination of treatment. Evaluating progress over the course of
treatment allows for better understanding of outcomes progression, possibly providing
data on when efforts may need to be increased to achieve desired outcomes. The
literature to date does not define underlying constructs consistently or use similar
measures. Therefore, there is a need for the development and use of measures that
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evaluate those domains that the field agrees are most salient, allowing for consistency
when comparing outcomes across studies. In addition, it is well documented that brain
injury affects independence, meaning individuals often require assistance or supervision
that was not required preinjury, yet, there is a paucity of literature on supervision
required, an important outcome to payors and family members.
Community integration/participation.
As a construct, community integration initially emerged in the context of the
deinstitutionalization of individuals with mental health issues and developmental
disabilities. Within the deinstitutionalization context, successful community integration
was initially defined in terms of ability to live in a community-based residence. More
recently, successful community integration has been defined in terms of involvement in a
variety of community activities. Within the brain injury literature, community integration
is defined as engagement in expected social, vocational, and community roles and has
been operationalized using indicators in the areas of social engagement, home, and
productive activity (Brown et al., 2004; Cicerone, 2004; McColl, Carlson, Johnston,
Minnes, Shue, Davies, et al. 1998; Minnes et al., 2003). Participation is a primary goal
for individuals recovering from a debilitating illness or injury (Griffen, Hanks, &
Meachen, 2010). Successful rehabilitation can be defined as attaining functional
independence and facilitating independent participation in the social activities and
community events of one’s choice. Participation has positive effects on the rehabilitation
process itself, including psychosocial, physical, and cognitive benefits (Bodenheimer,
Roig, Worsowicz, & Cifu, 2004).
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Social isolation is considered to be a significant problem for persons with
traumatic brain injuries (Gordon et al., 2006; Morton & Wehman, 1995; Struchen et al.,
2008). Persons with brain injuries are less integrated into the community than individuals
from the general population (Stalnacke, 2007). An early study found that almost 50% of
individuals with severe traumatic brain injury had few leisure interests and limited or no
social contacts 1 year or more postinjury (Weddell, Oddy, & Jenkins, 1980). A more
recent study found that 71% of persons with traumatic brain injury who were at least 1
year postinjury had no social contacts except for those arranged by family members
(Eames, Cotterill, Kneale, Storrar, & Yeomans, 1995). Olver, Ponsford, and Curran
(1996) found that over 50% of persons with traumatic brain injury at 2 and 5 years
postinjury reported increased social isolation and loss of friendships.
Community integration is an important construct because studies have
demonstrated that as levels of social integration increase, so does perceived quality of life
(Burleigh, Farber, & Gillard, 1997; Huebner, Johnson, Bennett, & Schneck, 2003).
Individuals with brain injury tend to report lower levels of life satisfaction than
individuals from the general population. Perceived quality of life has a pervasive impact
on one’s emotional well being (Stalnacke, 2007).
Linden et al. (2005) evaluated levels of community integration in individuals who
sustained a TBI and compared their level of community integration to that of individuals
who did not have a brain injury. They administered a community integration measure to
10 individuals with TBI (9 males, 1 female) and 20 individuals who had not sustained a
TBI (10 males, 10 females). The results suggested that females are more integrated into
their communities than males. The least integrated group was the brain injury group.
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Within methodological limitations (small sample size, homogenous brain injury group,
administration of measure designed for use within the brain injury population
administered to individuals from the general public), this study suggests that individuals
with brain injury are less integrated into the community than individuals without a brain
injury.
Prior to Linden et al. (2005), Brown et al. (2003) also compared level of
community integration between individuals who sustained brain injuries and individuals
from the general population. The investigators administered a social-recreational
measure to 279 individuals with brain injuries and 224 controls. Utilizing between and
within group comparisons, they found that the TBI sample was significantly less
integrated into community and social activities than the control group. Within the TBI
sample, fatigue and depression were significant negative correlates of activity, while
greater time since injury and vocational involvement were positive correlates. This
suggests that although individuals with TBI are less integrated into community and social
activities, targeting depression and fatigue may help to reduce this discrepancy. Further,
encouraging vocational involvement when possible may also be beneficial.
In a study evaluating community integration, life satisfaction, social support, and
other symptoms, such as depression and posttraumatic stress, Stalnacke (2007) assessed
163 individuals who had sustained a mild brain injury with measures of community
integration, social support, life satisfaction, anxiety, stress, and depression 3 years
postinjury. The sample consisted of 68 women and 95 men. Stalnacke found that a large
proportion of individuals reported limited community integration, with females being
more integrated into the community than males. Further, a negative correlation was found
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between community integration, age, and depression. This suggests that older individuals
are less likely to be integrated into the community, and limited community integration is
correlated with depressive symptoms.
Reviewing employment outcomes, Worthington et al. (2006) found significant
gains in employment after postacute rehabilitation, while Hammond et al. (2004) found
that employability was quite poor after acute rehabilitation. Though both of these studies
were prospective cohort studies, they were conducted at different points along the
rehabilitation continuum. Employment rates following brain injury have ranged from
22% to 66% and, as expected, are lower than preinjury rates. Notably, brain injury
survivors without a history of preinjury substance abuse are eight times more likely to be
employed after postacute brain injury rehabilitation (Sherer et al., 1999). Further, older
individuals, younger individuals who lack work experience preinjury, unmarried
individuals, and those without a high school education are at a greater risk of
unemployment postinjury (Schopp, Good, Barker, Mazurek, & Hathaway, 2006).
The above research demonstrated the social isolation that individuals with brain
injuries tend to face. This is problematic, as research also suggests that increased
community integration or participation leads to improved quality of life. Postacute brain
injury rehabilitation programs highlight the importance of participation and encourage
involvement within the community. Further, postacute brain injury rehabilitation
programs have been shown to improve participation (Adams et al., 2004, Goranson et al.,
2003, Seale et al., 2002, Worthington et. al., 2006). Therefore, evaluating participation
within a postacute brain injury rehabilitation program is an important outcome measure
(Cicerone, 2004).
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Supervision.
“Supervision implies the continuous or intermittent presence of another person to
provide physical care, instructions for, or set-up of daily tasks, problem solving in case of
an emergency, or some combination of these” (Hart et al., 2003, p. 221). Level of
supervision has been used to measure outcome in a few studies (Benge, Caroselli, Reed,
& Zgaljardic, 2010; Hart, et al., 2003, Putnam & Adams, 1992) and may be used as a
measure of overall outcome; it reflects the cumulative impact of an individual’s
impairments, since deficits generally culminate in the need for more supervision (Boake,
1996). Further, insurance case managers and patient family members consider reduced
level of supervision to be one of the most important rehabilitation outcomes (Condeluci,
Ferris, & Bogdan, 1992).
In a study evaluating level of supervision 1 year postinjury and the
neuropsychological predictors of supervision level, Hart et al. (2003) examined the
records of 563 individuals enrolled in the TBIMS longitudinal database. They found that
approximately 69% of their sample were independent and did not require supervision
from others. Approximately 6% of the sample received overnight supervision only, 15%
received overnight supervision and part-time supervision during the day, and
approximately 7% received full time indirect supervision during which someone was
present at all times for safety. The remainder of the sample (3%) received full time direct
supervision. A regression analysis revealed that level of supervision 1 year postinjury
was predicted by level of education and scores on specific neuropsychological measures
of cognitive flexibility and working memory (vitally important in problem solving and
decision making). These findings underscore the importance of preinjury status, working
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memory, and cognitive flexibility in predicting functional outcome after traumatic brain
injury.
Evaluating the impact of postacute brain injury rehabilitation on level of
supervision, Benge et al. (2010) administered the Supervision Rating Scale (SRS) to 94
individuals at admission and 1 month postdischarge. The individuals sustained TBI
ranging in severity from moderate to severe. Individuals were separated into two groups:
those less than 1 year postinjury (n = 55) and those more than 1 year postinjury (n = 39).
This was done to account for spontaneous neurological recovery (tendency for patients to
improve significantly during the first year postinjury). A between groups analysis was
conducted to determine if spontaneous neurological recovery could account for changes
in supervision. Reliable change index (RCI) methodology was then applied to SRS data
to delineate changes in supervision before versus after acute brain injury rehabilitation.
Results indicated that both groups demonstrated significant improvement, as defined by
declines in SRS scores. As expected, the group consisting of individuals who were less
than 1 year postinjury improved more than the other group. This study supports the
effectiveness of postacute brain injury rehabilitation for individuals with TBI regardless
of the length of elapsed time postinjury.
Research into independence in activities of daily living suggests that a substantial
percentage of individuals who survive traumatic brain injuries (86% to 90%) become
independent 1 year postinjury (Cullen et al., 2008). Although there is a paucity of
research on the effects of treatment on supervision needs, research suggests that brain
injury leads to increased supervision needs (Benge et al., 2010). As previously stated,
supervision required reflects the cumulative impact of injury or disability. Providing 24
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hours of supervision can be a costly expenditure and can also be an emotional stressor for
family members. Therefore, decreasing the level of supervision required is a goal in
postacute brain injury rehabilitation, making level of supervision an important outcome
measure.
Outcome prediction.
Outcome prediction has become a topic of interest in the brain injury
rehabilitation field. Outcome prediction is vital for understanding variations in outcome
and for treatment planning (Doig, et al., 2001). Clinicians use this information to
formulate goals, monitor progress over time, and determine when the patient has reached
maximal functional gains. Further, insurance companies rely on clinicians to provide
early, realistic assessments of each case, treatment goals, and timetables in order to
project costs (Papastrat, 1992). This information is used to effectively allocate limited
resources and evaluate the effectiveness of rehabilitation programs (Shah & Muncer,
2003).
Research has identified several injury and patient characteristics that affect
outcome. Injury severity has been reported to be a useful predictor of both short- and
long-term outcome following brain injury (Kim, 2011; Putnam & Adams, 1992). Other
reported useful predictors include coma duration, Glasgow Coma Scale scores, and age at
injury (Deb & Burns, 2007; Kim, 2011; Thompson, et al., 2006). Despite continuous
research, the predictive strength of several outcome variables remain inconclusive. The
lack of uniformity between independent variables and outcome measures or categories
across studies often limits a direct comparison of results. Long-term functional outcome
is affected by various preinjury, injury-related, and postinjury factors such as age at
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injury, gender, preinjury employment status, level of consciousness, neurologic severity
of injury, cognitive status, and postinjury vocational rehabilitation. Functional outcome
is thus difficult to define and measure; researchers tend to choose certain aspects on
which to focus in the interest of understanding specific predictors, but often fail to
identify the impact on functional outcomes by the interaction of various predictors
(Sherer et al., 1999).
Gender.
Consistent with studies indicating premorbid gender differences in
neuropsychological abilities (Castro-Schilo & Kee, 2010; Kaiser, Haller, Schmitz, &
Nitsch, 2009; Koles, Lind, & Flor-Henry, 2010), several studies suggest males and
females face different neuropsychological issues following traumatic brain injury (Farase
& Alves, 2000; Schopp et al., 2001). Thus far, however, the research findings on the
significance of gender on brain injury outcome has been inconclusive. While some of the
literature suggests females have better outcome than males (Kim, 2011; Moore, Ashman,
Cantor, Krinick, & Spielman, 2010; Slewa-Younan, Baguley, et al. 2008; Niemeier,
Marwitz, Lesher, Walker, & Bushnik, 2007; Groswasser, et al.,1998), other research
suggests that males have better outcomes (Liossi & Wood, 2009), and some of the
literature suggests gender differences are insignificant (Curtin et. al., 2011; Tsushima, et
al., 2009; Slewa-Younan, van den Berg, et al., 2008).
Groswasser, Cohen, and Keren (1998) evaluated gender differences in outcome
after severe traumatic brain injury. They utilized 334 patients (72 females and 262
males) between the ages of 5 and 65. They measured outcome as the ability to return to
school if school aged and the ability to return to work if over the age of 18. They found
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that functional outcome was significantly better for women. They hypothesized this was
due to the protective effects of the female hormone progesterone. Though promising, this
study had a major flaw: the outcome was based on clinician-predicted functional outcome
at the time of discharge. The assumption that predicted outcome will come to fruition is
disconcerting, considering the deficits associated with brain injury and the difficulty TBI
survivors have with generalizing experiences from the rehabilitation setting.
Niemeier, Marwitz, Lesher, Walker, and Bushnik (2007) examined the effect of
gender on executive dysfunction following TBI and variables that impact recovery,
utilizing the Wisconsin Card Sort Test as a measure of executive function. They included
test scores from 1,331 participants included in the TBI Model Systems database, in an
acute setting (73% male, 27% female). Males and females did not differ in injury
severity. They found that females performed significantly better than males. Improved
female performance was also noted in additional ANOVAs examining the interaction of
education and gender, and ethnicity and gender. A multiple regression indicated that
gender and cause of injury were the strongest predictors of outcome. Further, simple
regression analyses established that gender and minority status were the most robust in
predicting impaired performance. This study suggests that gender and ethnicity are
related to executive functioning after a TBI during the acute phase of treatment.
In a more recent study, Slewa-Younan, Baguley, and coworkers (2008) examined
the effect of a patient’s gender on measures of outcome in a matched sample of patients
admitted for acute TBI treatment. Forty-five male and 25 female patients aged 50 and
over were matched for initial injury severity and age at injury. Outcome was measured
by the Glasgow Outcome Scale and the patient’s length of stay. They found that women
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demonstrated better outcomes, as indicated by their Glasgow Outcome Scale scores and
their shorter length of stay. Within methodological limitations (small sample size,
sample was in acute treatment and therefore not generalizable to longer term acquired
brain injury population, population was older and results not generalizable to younger
population), these findings suggest that women have better outcomes.
In a study evaluating gender differences in neuropsychological functioning among
patients following mild TBI, Tsushima, Lum, and Geling (2009) performed a
retrospective records analysis of the neuropsychological test results of 102 participants
with brain injuries. The sample included 62 males and 40 females. The
neuropsychological tests were performed, on average, 2 years posttrauma. There was no
statistically significant difference between males and females on any of the 10
neuropsychological test scores. After adjusting for the confounding effects of age,
education, and months postinjury, no significant between group differences were found
with regard to gender and months postinjury on the neuropsychological test measures.
Further, they did not find any significant gender-by-months postinjury interaction. They
did, however, find a significant age effect, as well as a significant gender by age
interaction effect. The magnitude of the differences between females and males was
greater the farther away their ages were from the 30-year threshold. This suggests that
older females (30 years of age and over) have poorer neuropsychological outcomes than
males or younger females.
The significant age differences were not unusual considering that decline in
neuropsychological functioning with increasing age has been observed in the literature
for decades (Borstein, 1985; Yeudall, Reddon, Gill, & Stefanyk, 1987). In the general
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population, the literature suggests that in terms of normal aging and cognitive
performance, the variance explained by gender is relatively small and eclipsed by the
variance explained by age alone. Conversely, consistent imaging data demonstrates that
the rate of brain atrophy is greater in men than women. The cause of the increased rate in
men is unknown and its effects on functional status appears to be relatively small
(Duncan, 2009).
In another study comparing cognitive and affective functions in men and women
with comparable brain injuries, Liossi and Wood (2009) employed a prospective matched
cohort design. One-to-one matching between males and females was used to account for
confounds associated with a heterogeneous brain injury sample. One hundred fifty
individuals were matched on the basis of age, severity of injury, premorbid IQ, and time
since injury. A neuropsychologist administered an extensive battery of measures grouped
into cognitive and affective domains. The results indicated that verbal and visual
memory were significantly more impaired in females than in males, with the degree of
cognitive decline being positively correlated with age in women but not in men. The
authors hypothesized the age-related cognitive decline in women may be due to reduced
progesterone and estrogen, female hormones that are believed to have neuroprotective
qualities. Although the authors concluded that men had better outcomes than women, it
was only in the domains of verbal and visual memory. There were no significant
differences in other important functional aspects, such as executive functioning and
attention.
Similar to the study by Liossi and Wood (2009), Moore et al. (2010) investigated
gender differences in postacute cognitive outcome following TBI. Eighty-three men and
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75 women with mild to severe TBI were administered selected subtests of the Cambridge
Neuropsychological Test Automated Battery (CANTAB) to evaluate possible gender
differences in processing speed, attention, and memory. A difference was found only
within the mild TBI group. Women in that group scored significantly higher than men on
a test of visual memory. There were no other differences. These results overall suggest
gender did not impact cognitive outcome, with the exception of visual memory. This
finding is in contrast to Liossi and Wood’s (2009) finding suggesting men had better
visual memory.
Curtin et al. (2011) investigated adult participation in brain injury rehabilitation
located in rural Australia utilizing a quantitative survey design. They recruited 131 adults
from eight programs and administered several instruments, including the Participation
Objective, Participation Subjective (POPS). They found no correlation between
participation scores and gender, suggesting that gender did not impact participation after
brain injury.
Depending on the construct being evaluated, studies may or may not find gender
differences in outcome. This appears to be at least partially related to premorbid
differences. For example, women tend to report significantly higher levels of depression
(Schopp et al., 2001), while men typically report loss or change in life role,
independence, and difficulty accepting limitations (Willer, Allen, Liss, & Zicht, 1991).
This may be due to differences in the way men and women respond to impairments that
stem from traumatic brain injury. Interestingly, some studies have found that after
accounting for injury severity, women are more likely to return to full- and part-time
work, volunteering, and training (Groswasser, et al., 1998; McMordie, Barker, & Paolo,
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1990). McMordie et al. (1990) hypothesized that better vocational outcomes in women
occur because they experience less cognitive impairment. For example, research has
demonstrated that men tend to experience greater hemispheric specificity for performance
and verbal measures, and are therefore more vulnerable to damage in one hemisphere.
This suggests that women’s greater degree of bilateral processing makes them less
vulnerable to cognitive decline in cases of unilateral damage. As previously discussed,
there is also some evidence of biological differences in the way male and female brains
respond to injury (Roof, Duvdevani, & Stein, 1993; Stein, 1995). A better understanding
of the potential neuroprotective role of hormones may lead to advances in pharmacology.
Continued research is required to determine if there are indeed gender differences in
brain injury outcome, as this would dictate different treatment approaches for men and
women.
As demonstrated by this review, there are inconsistencies in the literature on
gender differences in brain injury outcome. It has been argued that some of the
inconsistencies are due to the failure to accurately match samples, particularly
considering the heterogeneous nature of available brain injury samples (Slewa-Younan,
Baguley, et al., 2008). Another limitation of the existing literature is the inclusion of
individuals with relatively recent injuries and a paucity of information on long-term
outcomes. This is problematic, as maturational changes across the lifespan may vary
between genders and interact differentially with changes caused by acquired brain injury
(Moore et al., 2010).
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Age.
As previously discussed, the incidence of traumatic brain injury occurs in a
bimodal distribution, peaking in young adulthood and old age (Deb & Burns, 2007;
Lezak, et al., 2004; Rapoport & Feinstein, 2001). Researchers have thus developed an
increased interest in the differential effect of age on outcome following brain injury. A
number of studies have demonstrated greater mortality and poorer functional outcomes
for the elderly with mild and severe TBI (Cifu, et al., 1996; Putnam & Adams, 1992;
Slewa-Younan, Baguley, et al., 2008; Thompson, et al., 2006), while other researchers
have not (Rapoport & Feinstein, 2001). Mortality rates in adults aged 55 and over
diagnosed with a severe TBI ranges from 30% to 80%, with maximal likelihood of death
occurring after age 71 (Thompson, et al., 2006). Adults aged 75 and older have the
highest rates of TBI related hospitalizations and death (Langlois, Rutland-Brown, &
Thomas, 2006).
Senathi-Raja, Ponsford, and Schonberger (2010) examined the association
between age and time postinjury in individuals 5 to 22 years postinjury. They compared
cognitive outcome (processing speed and attention, executive functioning, verbal and
visual memory, and working memory) of 112 individuals with mild to severe brain injury
to healthy controls matched for age, gender, education, and estimated IQ. Analysis
revealed that older age was associated with poorer performance across all domains.
Further, they found that regardless of age at injury, cognitive impairment was greater
with increasing time postinjury. This suggests that slow cognitive decline may occur
from the time of injury regardless of age.
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Schonberger, Ponsford, Reutens, Beare, and O’Sullivan (2009) investigated the
association between age, measures of injury severity, and brain lesion volumes, as well as
viable brain volumes, following TBI. Ninety-eight individuals with mild to very severe
TBI (75.5% male, mean age at injury 34.5 years) underwent a structural MRI on average
2.3 years postinjury. Measures of injury severity were Glasgow Coma Scale score (GCS)
and duration of posttraumatic amnesia (PTA). Regression analyses predicting lesion
volumes, controlling for gender, cause of injury, time from injury to MRI scan, and total
brain volume, revealed that older age was associated with larger lesion volumes in both
grey and white matter in almost all brain regions. Older age was also associated with
smaller viable grey matter volumes in most neocortical brain regions. Longer PTA was
associated with larger lesion volumes in both grey and white matter in almost all brain
regions and smaller viable white matter volume in most brain regions regardless of age.
These results suggest that older age negatively impacts the effects of TBI on the brain.
In a study evaluating the impact of age on functioning, Deb and Burns (2007)
compared the rates of neurobehavioral symptoms and psychiatric disorders between a
group of 18 to 65-year-olds (n = 120) and an over 65 year old group (n = 45). Cognitive
and psychiatric outcome were measured 1 year after TBI. Individuals who obtained
abnormal scores on the psychiatric outcome measures were further evaluated with a
semistructured interview. The results suggest that the younger group was more likely to
have a diagnosable comorbid psychiatric condition (32% vs. 16%). Neurobehavioral
symptoms were present in each group. The younger group was more likely to experience
irritability and sleep problems, while poor memory, dependence, and slow thinking were
more prevalent in the older group.
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Leblanc et al. (2006) performed a retrospective analysis during which they
evaluated differences in global or overall, physical, and cognitive outcomes in three age
groups (young: 18 to 39 years, n = 971; middle aged: 40 to 59 years, n = 672; and elderly:
60 to 99 years, n = 684) at discharge from acute brain injury rehabilitation. They found
that elderly patients showed significantly worse global outcome, physical outcome,
cognitive outcome, and longer length of stay than their younger counterparts. In fact,
young patients had significantly better cognitive outcome compared to the other groups,
while middle-aged patients, in turn, had significantly better cognitive outcomes than the
elderly group. There were no differences noted between the young and middle-aged
groups in physical and global outcomes. Further, a higher percentage of elderly
individuals were discharged to subacute inpatient rehabilitation, or long-term care
facilities, or died.
Mellick, Gerhart, and Whiteneck (2003) conducted a statewide survey of 1,059
individuals who were released from acute care, for the purpose of determining the
pathways of care people with TBI follow after discharge from acute care and to identify
differences in outcome based on those pathways. The survey included administration of
the Functional Independence Measure (FIM), the Craig Handicap Assessment and
Reporting Technique, the Alertness Behaviour Sub-scale of the Sickness Impact Profile,
and the Health Status Questionnaire (HSQ-12) and was conducted 1 year postdischarge.
The medical records of all participants were reviewed for data related to injury severity,
etiologic and demographic information, and discharge disposition. They found that
almost two thirds of TBI survivors received no services after discharge from acute care.
The other third were referred to postacute services including inpatient rehabilitation,
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community-based services, and long-term care (LTC). Older people and those whose
care was funded by government sources were overrepresented in LTC, while minorities
were underrepresented. Those who went to LTC had the poorest outcomes. This study
suggests that older individuals are referred more to long-term care, a venue shown to
have the worst outcome after injury (Mellick, et al., 2003) .
In a study evaluating the impact of age on functioning in the acute period
following a mild TBI, Rapoport and Feinstein (2001) compared the outcome in 26
subjects over the age of 60 to outcome in 30 subjects between the ages of 18 and 59.
Outcome measures utilized were the Glasgow Outcome Scale (GOS) and self-report
measures of psychosocial functioning, physical symptoms, and psychological distress.
The outcome data were collected within one month of the TBI. Analysis revealed no
differences in most demographic variables (gender, marital status, living situation,
employment, occupation and history, and medical, psychiatric, and substance use
histories) between the groups. The exceptions were that older subjects were less likely to
be employed than their younger counterparts and more likely to have preexisting medical
problems. There were no statistically significant differences in injury-related variables.
Interestingly, they found that older subjects had significantly higher scores on the GOS,
indicating better global functioning than their younger counterparts. The older subjects
also endorsed significantly less psychological distress, psychosocial impairment, and
physical symptoms. When the authors controlled for current employment, they found
that the differences between the two groups only approached significance for global
functioning, psychosocial impairment, and psychological distress, and were not
significant for physical symptoms. This suggests that employment status affects global
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outcome after a TBI. Individuals who were employed prior to their TBI tend to fare
worse if unable to work post-TBI. Again, this study was conducted during the acute
stage, not during postacute rehabilitation.
Curtin et al. (2011) investigated adults who participate in brain injury
rehabilitation in rural Australia utilizing a quantitative survey design. They recruited 131
adults from eight programs and administered several instruments, including the POPS.
They found no correlation between participation scores and age, suggesting that age did
not impact participation after brain injury. Notably, the authors did not specify whether
individuals were recruited from acute treatment, postacute treatment, or both.
Though interesting, these findings are not surprising. Several factors may account
for the difference in outcome in the older group. The elderly are less likely to experience
psychosocial issues such as caring for their children or returning to work to financially
support the household, leading to a less pressured environment once discharged from the
hospital. Possibly, the elderly are less likely to experience psychological distress
following TBI because they are more accustomed to the physical limitations that are
associated with TBI. While physical limitations are not unusual for older individuals,
they are not normative in the younger population. Therefore, it is reasonable to conclude
that the physical limitations associated with TBI would cause more psychological distress
in the younger group than in the elderly group (Rapoport & Feinstein, 2001).
Elderly individuals affected by acquired brain injury may experience unique agerelated difficulties, such as deteriorating health with the passage of time. Acquired brain
injury is believed to accelerate cognitive decline. The literature suggests that acquired
brain injury may be implicated in the development of Alzheimer’s disease (Rapoport &
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Feinstein, 2000, 2001; Sonnen et al., 2011). Further, in addition to previously mentioned
preinjury medical conditions faced by older survivors of brain injury, altered metabolism,
changes in nutritional and immune function, and frailty may contribute to poorer
outcomes (Cekic & Stein, 2010).
In summary, outcome related to age differences is affected by the type of outcome
being evaluated. Research has clearly shown that elderly individuals have higher
morbidity and mortality rates postinjury (Susman et al., 2002; Kuhne, Ruchholtz, Kaiser,
& Nast-Kolb, 2005; Mosenthal et al., 2002; & Vollmer et al., 1991). Research has also
shown that older brain injury survivors have worse functional outcomes than younger
ones (Cifu et al., 1996; Leblanc et al., 2006; Mosenthal et al., 2004; Susman et al., 2002).
Although the research investigating cognitive age related outcome is limited, available
studies have demonstrated that older individuals fare worse than their younger
counterparts (Klein, Houx, & Jolles, 1996; Senathi-Raja et al., 2010). Research on global
outcome, however, has been inconclusive. While some of the research suggests that
older age negatively impacts global functioning postinjury (Gan, Lim, & Ng, 2004;
Kilaru et al., 1996; Rothweiler, Temkin, & Dikmen, 1998), others found no differential
global age based outcomes (Mosenthal et al., 2004; Reeder et al., 1996), while still others
found that elderly patients with mild brain injury had better global outcomes, less
psychosocial impairment, and fewer physical symptoms 1 month posttrauma (Rapoport
& Feinstein, 2001). Most of the research available evaluates outcome after acute
rehabilitation, not postacute rehabilitation. There is a clear need for studies to evaluate
differential age related outcomes in postacute brain injury rehabilitation.
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Ethnicity
Racial disparities in health care provision in the United States is a welldocumented crisis (Gary, Arango-Lasprilla, & Stevens, 2009; Agency for Healthcare
Research and Quality, 2007; de la Plata et al., 2007; Burnett, Silver, Kolakowsky-Hayner,
& Cifu, 2000). According to the Agency for Healthcare and Research Quality (2007),
disparities related to ethnicity, race, and socioeconomic status pervade the American
healthcare system. Disparities vary in magnitude by population and condition, but were
observed across all aspects of healthcare, including quality of healthcare, access to
healthcare, type of healthcare (e.g., preventative, treatment, and management), clinical
conditions (e.g., diabetes, HIV, mental health and substance abuse, and cancer), types of
care setting (e.g., emergency departments, primary care, and nursing homes), and within
subpopulations (e.g., children, residents of rural areas, and the elderly).
Health insurance status is a major influence on minority access to healthcare.
Further, lack of or limited knowledge of eligibility for publicly funded insurance
programs exacerbates disparities. Minorities are less likely to have insurance compared
to Whites and are more likely to report limited financial resources as a reason for not
accessing necessary medical care (de Plata et al., 2007). Further, research suggests that
even after accounting for insurance status, minorities are less likely to receive
rehabilitation (Shafi, et al., 2007).
The field of brain injury rehabilitation is not exempt from ethnic and racial
disparities. Minorities are at a disproportionate risk for brain injuries (de la Plata et al.,
2007), yet minority research on rehabilitation and outcomes following brain injury is
limited (Gary et al., 2009). Blacks have a 35% higher incidence of emergency room
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treatment after brain injury than Whites. Further, minorities account for almost half of
post brain injury hospitalizations and are three times more likely to suffer a brain injury
by violent means (de Plata et al., 2007). According to Langlois, Rutland-Brown, and
Thomas (2006) from the CDC, African Americans have the highest death rate from TBI.
Further, Black children are estimated to have a TBI incidence rate that is 40% higher than
that of White children. Although there is limited research on Native Americans and brain
injury, research has shown that TBI is the second leading cause of death among
American Indians/Native Alaskans (Whitfield & Lloyd, 2008).
In a study evaluating racial and ethnic differences in brain injury hospital
outcomes, Bowman, Martin, Sharar, and Zimmerman (2007) used the National Trauma
Data Bank to examine in-hospital mortality and postacute rehabilitation of 56,482
individuals with moderate to severe TBI between the years 2000 and 2003. Using
univariate and bivariate analyses, they found increased in-hospital mortality for Blacks
and Asians and a trend towards significance for Hispanics. Further, they found that
Blacks and Hispanics were less likely to be discharged to a postacute rehabilitation
program than whites. These findings suggest that not only are minorities more likely to
die in the hospital following brain injury, they are also less likely to be discharged to
postacute brain injury rehabilitation, a treatment that has been shown to benefit
individuals with acquired brain injuries.
Hart et al. (2005) conducted a longitudinal study evaluating outcome 1 year
postinjury in 94 White and Black individuals who sustained moderate to severe brain
injuries. Using data from the TBI Model Systems, they defined outcomes as community
integration, aggression, depression, and life satisfaction. They found that Blacks reported
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significantly lower social integration and increased income loss than whites. Both groups
reported comparable increases in depression and decreases in life satisfaction.
Arango-Lasprilla et al. (2003) utilized longitudinal data from 4929 individuals
with moderate to severe TBI (3,354 Whites, 1,207 African Americans, and 368
Hispanics) extracted from the TBI Model Systems database to examine ethnicity-related
differences in functional outcome 1 year postinjury. The main outcome measures were
the Disability Rating Scale (DRS), Functional Independence Measure (FIM), Glasgow
Outcome Scale-Extended (GOS) and the Community Integration Questionnaire (CIQ).
They found that at discharge from acute care and 1 year postinjury, ethnic minorities had
poorer functional outcome across all measures than Whites. After controlling for
sociodemographic, injury and functional characteristics at admission, ethnic minorities
maintained worse functional outcomes at 1 year postinjury compared with Caucasians on
the DRS, FIM, and CIQ. There were no significant differences between African
Americans and Hispanics.
Arango-Lasprilla and Kreutzer (2010) reviewed the literature on the influence of
race/ethnicity on functional, psychosocial, and neurobehavioral outcomes after TBI. They
examined outcomes related to treatment, neuropsychological outcomes,
employment/productivity, functional outcomes, community integration, marital status,
quality of life/life satisfaction, and emotional/neurobehavioral outcomes. They found
that African Americans had poorer treatment, employment, functional, and community
integration outcomes. Very few studies examined neuropsychological and
neurobehavioral functioning (Donders & Nesbitt-Greene, 2004; Kennepohl, Shore,
Nabors, & Hanks, 2004), marital status (Arango-Lasprilla et al., 2008; Vanderploeg,
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Curtiss, Duchnick, & Luis, 2003) and quality of life/life satisfaction post-TBI (ArangoLasprilla et al., 2009; Hart et. al, 2005; Webb et al., 1995). The few available, however,
do indicate that minorities have poorer outcomes across those constructs as well.
Research suggests that ethnicity has a negative effect on employment outcomes in
individuals who sustained a brain injury. Using data from the TBI Model Systems
Centers, Gary (2009) evaluated the presence of racial differences in employment outcome
1, 2, 5, and 10 years postinjury for 1,599 African Americans and 5,061 Caucasians. This
study controlled for demographic and injury characteristics. The results indicated that
although short- and long-term employment was not favorable for all individuals
postinjury, the unemployment rate for African Americans was significantly higher than
that of Caucasians, regardless of time since injury.
Sander et al. (2009) evaluated the contribution of race/ethnicity and income on
community integration among 151 participants (38% Black, 38% Hispanic, 24% White)
with mild to severe brain injury who were not engaged in rehabilitation. After
accounting for injury severity, age, education, and income, results suggested that race
contributed significantly to the variance in scores on community integration measures.
This suggests that after accounting for income, race/ethnicity differences in community
integration exist.
In a study evaluating whether minority status affects community integration
within the brain injury population, Mascialino et al. (2009) administered the POPS to 360
community dwelling individuals who had sustained a brain injury. The mean time
postinjury was 8.66 years. Evaluation of the subjective indicators revealed that minority
status predicted dissatisfaction with leisure participation, community, civic, life, and
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overall participation. Interestingly, the only significant difference found from evaluation
of the objective indicators was that minority status predicted greater transportation use.
These findings suggest that even in the absence of differences in activity levels, ethnic
minorities tend to find community integration to be less satisfying than Whites. Although
the reason behind this difference is unknown, it is clinically relevant and suggests
disparities. Notably, this study did not account for preinjury productivity, a possible
confound. Another limitation of these studies is that they generally did not account for
preinjury differences in the outcome constructs within the subjects. Finally, development
of many of the measures used in outcome studies did not include ethnically diverse or
low-income participants, possibly limiting the degree to which they accurately capture
aspects of outcome in these individuals (Proctor & Zhang, 2008).
The existing findings on acquired brain injury in minorities, especially African
Americans, is troublesome. The research consistently demonstrates poorer outcomes,
specifically in social and community integration, employment, access to rehabilitation,
and injury survival rates. The disparities observed must be evaluated and understood in
order to minimize the impact of traumatic brain injuries on African Americans and other
minorities. Although there are methodological limitations in the research, the
implications for African Americans recovering from acquired brain injuries are of great
concern.
SUMMARY
Brain injury is a common problem that can lead to devastating effects on the
functioning of individuals who are affected by it. Improvements in emergency care have
greatly improved the odds of surviving brain injury. Although individuals survive, they
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cope with a plethora of sequelae, including physical, cognitive, and emotional issues.
Postacute brain injury rehabilitation helps to reduce these sequelae past the acute phase of
treatment and has been shown to improve functioning. Of the available literature, few
studies evaluate postacute outcome 10 or more years postinjury. Research has
demonstrated that certain preexisting characteristics contribute to differential
rehabilitation outcomes. While ethnic minority status (especially African American) has
been shown to consistently lead to poorer outcomes, it is vital to consider the type of
outcome being observed when evaluating age and gender. For example, women tend to
have higher rates of depression, but are more likely to return to work or training, while
older age is correlated with worse functional and cognitive outcomes. While there is
available outcome research, most of the research is conducted within acute rehabilitation
settings.
The current study evaluated the effects of postacute brain injury rehabilitation on
community integration, level of supervision, and global outcome (general adaptive
functioning), and assessed the effects of age, gender, and ethnicity on those outcomes.
The literature on postacute brain injury rehabilitation would benefit from studies that
evaluate global outcome, or outcome considering multiple domains. This allows for a
more comprehensive picture of the person. This study utilized the Mayo-Portland
Adaptability Inventory (MPAI-4) as a measure of global outcome. This measure allowed
for the evaluation of emotional, behavioral, cognitive, social, and physical functioning
utilizing one measure. This study also adds to the research on the effects of postacute
brain injury rehabilitation on level of supervision, a construct considered to be very
important to payors and family members (Condeluci, et al., 1992), yet is rarely studied in
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the postacute setting. Participation in the community and/or social roles, an outcome that
is correlated with quality of life (Burleigh, et al., 1997; Huebner, et al., 2003), was also
evaluated.
Hypotheses and research questions
1. Is there a change in supervision level rating as measured by the Supervision
Rating Scale, over time for individuals who have received brain injury
rehabilitation in a postacute program?
Hypothesis: Over a 3 year span, individuals treated at Bancroft will demonstrate a
decreasing need for supervision, as measured by the SRS.
Level of supervision is important as an outcome measure because supervision
directly affects costs to the patient, caregivers, and payors. Level of supervision may be
used as a measure of overall outcome, since deficits generally culminate in the need for
more supervision (Boake, 1996; Christensen et al., 1992; Williams, et al., 1999). Further,
insurance case managers and patient family members consider level of supervision to be
one of the most important rehabilitation outcomes (Condeluci, et al., 1992). Finally,
other studies have defined outcome in terms of decreases in level of supervision
(Christensen et al., 1992, Williams, et al., 1999).
2. Is there a change in the level of community participation as a result of
rehabilitation in individuals who have experienced a TBI?
Hypothesis: Over a 3-year span, individuals will demonstrate an increase in their
levels of participation in the community and in leisure, activities as measured by the
Participation Objective Participation Subjective and Mayo-Portland Adaptability
Inventory-4 Participation subscale.
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Participation in the community and leisure activities has long been considered an
important outcome in brain injury (Williams, et al., 1999). Engagement in expected
social, vocational, and community roles is often considered a worthwhile rehabilitation
goal. Several studies have defined outcome in terms of participation in community and
leisure activities (Brown et al., 2004). This is because disability often prevents full
participation in community life. Since one of the goals of rehabilitation is to facilitate
patients’ ability to join the activities and relationships that comprise life, it is reasonable
to consider rehabilitation successful to the extent that it helps individuals to be integrated
within their communities and participate in daily life (Minnes, et al., 2003).
3. Are there changes in adaptive functioning, as measured by the Mayo-Portland
Adaptability Inventory-4 over time for individuals who have participated in a
postacute brain injury rehabilitation program?
Hypothesis: There will be an improvement in adaptive functioning over a 3 year
span, as measured by the MPAI-4 Total Score, as evidenced by decreasing scores.
Postacute brain injury rehabilitation programs are comprehensive and have a
holistic focus that addresses cognitive and neurobehavioral impairments, emotional
functioning, independent living, interpersonal skills, and awareness (Seel, Wright,
Wallace, Newman, & Dennis, 2007). Adaptive functioning is vital when considering
outcome in brain injury rehabilitation day programs. The MPAI-4 was developed to
assess the range of cognitive, emotional, behavioral, physical, and social issues that
individuals may encounter after sustaining a brain injury. Further, it was developed to
not only assist in the clinical evaluation of people during the postacute period following
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brain injury but to also assist in the evaluation of rehabilitation programs designed to
serve these individuals (Malec & Lezak, 2008).
4. Do gender, age at injury, and ethnicity predict outcome?
Hypothesis: Regression analyses will demonstrate that gender, age at injury, and
ethnicity will predict outcome.
Research suggests that gender, age at injury, and ethnicity affect outcome and
may be used as predictors of outcome (Deb & Burns, 2007; Sherer et al., 1999;
Thompson, et al., 2006).
5. Does gender affect functional outcome?
Hypothesis: Statistical analysis will reveal that within this sample, females have
better functional outcomes than males.
Research suggests the gender of the patient affects outcome (Groswasser, et al.,
1998, Slewa-Younan, Baguley, et al., 2008, Tsushima, et al., 2009). Thus far, the
research findings on the significance of gender on brain injury outcome have been
inconclusive. While some of the research suggests females have a better outcome than
males (Groswasser, et al.,1998; Slewa-Younan, Baguley, et al. 2008), other research
suggests that males have better outcomes (Liossi & Wood, 2009), and some of the
research suggests gender differences are insignificant (Tsushima, et al., 2009).
6. Does age at injury affect functional outcome?
Hypothesis: Statistical analysis will show that within this sample, individuals who
sustained a traumatic brain injury at a younger age will have better functional outcomes
than those who sustained a brain injury at an older age.
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Research suggests the age of the individual at the time of injury affects outcome
(Tsushima, et al., 2009). A number of studies have demonstrated greater mortality and
worse functional outcomes for the elderly with mild and severe TBI (Putnam & Adams,
1992; Slewa-Younan, Baguley, et al., 2008; Thompson, et al., 2006).
7. Does ethnicity affect functional outcome?
Hypothesis: Statistical analysis will show that ethnic minorities who received
postacute brain injury rehabilitation have poorer outcomes than Caucasians.
Research suggests that ethnicity affects outcome in ethnic minorities, who are at a
disproportionate risk for brain injuries, accounting for almost half of postinjury
hospitalizations (de la Plata et al., 2007). Further, minorities have been found to have
higher rates of severe disability (de la Plata et al., 2007), yet are less likely to be
discharged to postacute rehabilitation programs (Bowman, et al., 2007).

Methods
Overview
This study stems from a collaborative outcomes benchmarking project launched
by the Pennsylvania Association of Rehabilitation Facilities (PARF). PARF is an
organization that actively strives to improve the quality, availability, and accessibility of
rehabilitation services to individuals with physical, emotional, mental, and social
disabilities (parf.org, 2009). PARF’s outcomes benchmarking project includes seven
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postacute brain injury rehabilitation programs in Pennsylvania and New Jersey that
collect data used to provide outcome information related to patient functioning and
progress. This data is used to evaluate programs, inform treatment decisions, and provide
funders and other stakeholders with data regarding the numbers and needs of individuals
with brain injuries (Eicher, Malec, & Murphy, 2010).
Utilizing archival data from Bancroft, a comprehensive postacute brain injury
rehabilitation program located in New Jersey that is a PARF site, this study investigated
the functional outcomes of individuals who received brain injury rehabilitation services at
a postacute brain injury rehabilitation program. Data from all five of Bancroft’s
residential sites were utilized. The constructs of interest were adaptive functioning, level
of supervision, and participation.
Design and Design Justification
This is a retrospective study utilizing archival data to evaluate outcome in
individuals who sustained a brain injury and received treatment in a particular brain
injury rehabilitation day program. A single group, cohort design was used because all of
the individuals sustained a brain injury and received treatment at one of Bancroft’s five
residential and rehabilitation facilities. The subjects represent a convenience sample.
Participants
Of the 147 patients available in the data set, this study utilized archival
data from 109 adults whose age ranged from 18 to 70 years at time of study (M = 45.51).
Thirty-eight individuals were removed from the data set because they did not meet
inclusion criteria. All of the participants experienced a moderate or severe brain injury;
80% of the individuals experienced a traumatic brain injury, while the other 20%
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experienced nontraumatic brain injuries. There were 76 (71%) males and 31 (29%)
females included in the study. The majority of participants (n = 89, 88.1%) were White
and experienced injury as an adult (n = 74, 67.9%). Age at injury ranged from less than 1
year to 59 years (M = 25.47, SD = 14.75). The average time since injury was 20.19
years. The majority were married (66.0%), 9.9% were divorced, 8.4% were unmarried,
1.5% were separated, and approximately 1.0% were widowed. Educational attainment
was as follows: 2% had fewer than eight years of education, 34% had 9 to 12 years of
education, 18% had 13 to 20 years of education, and 5% attained 21 or more years of
education.
For inclusion in this study, individuals must have been English speaking adults
(18 years or older) who were enrolled in Bancroft’s brain injury rehabilitation programs
and were included in the existing data set. Individuals must have been assessed using the
Mayo Portland Adaptability Inventory- 4 (MPAI-4), the Supervision Rating Scale (SRS),
and the Participation Objective, Participation Subjective (POPS) for at least three
consecutive assessment periods. Data collected from 2008 to 2010 was utilized.
Exclusion criteria included not being in the archival data set and having been assessed for
fewer than three consecutive assessment periods.
Bancroft’s brain injury day treatment services
Bancroft’s brain injury rehabilitation is comprised of five program sites: Flicker,
Brick, Plainsboro, Cherry Hill, and Mullica Hill. These programs provide
interdisciplinary team services that include neuropsychology, cognitive rehabilitation,
speech therapy, occupational therapy, and physical therapy. The goal is to assist
individuals who sustained brain injuries to learn ways of overcoming the effects of their
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injury and to maximize their functional abilities by remediating or teaching compensatory
strategies for physical, cognitive, behavioral, and emotional difficulties stemming from
the brain injury (Bancroft, n.d.). Bancroft also provides residential supervision ranging
from intensive, direct support to occasional checks.
Bancroft’s brain injury day programs are available to individuals 5 days per week
from 9 a.m. to 3 p.m. The number of days per week individuals attend depends on level
of impairment and related specific needs, funding source, and employment/volunteering
involvement. Individuals typically engage in individual cognitive rehabilitation, speech
therapy, occupational therapy, physical therapy, and psychotherapy, as well as group
treatment focused on cognitive rehabilitation and adjustment to disability.
Services are provided by an interdisciplinary team consisting of
neuropsychologists, cognitive rehabilitation therapists, speech-language pathologists,
occupational therapists, and physical therapists. Neuropsychologists are doctoral level
psychologists who specialize in assessing brain and behavior relationships. They assess
changes in thinking and behavior, such as memory, attention and concentration, decision
making, impulsivity, communication, and disorientation, as well as emotional
functioning. Neuropsychologists provide recommendations for cognitive compensation
and provide rehabilitation-focused psychological treatment to clients and their families.
Cognitive rehabilitation therapists have bachelor’s or master’s degrees, are supervised by
a neuropsychologist, and are responsible for developing and aiding clients in utilizing
compensatory strategies in carrying out daily activities such as financial management and
vocational training. Speech-language pathologists are licensed individuals with master’s
degrees who specialize in improving communication. They use verbal and nonverbal
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methods such as spoken or written words, gestures, and word boards. Occupational
therapists are licensed master’s level clinicians who assess functions and complications
related to daily living skills, movement of upper extremities, cognition, vision, and
perception. They provide therapeutic services in many areas, including the use of
adaptive aids, therapy, and training in compensatory strategies. Physical therapists are
licensed master’s level or doctoral level clinicians who provide support to individuals
with orthopedic problems such as knee injuries, back pain, and pain reduction, as well as
neurologically based challenges resulting from brain injury. Physical therapists focus on
therapeutic activities addressing balance, strength, coordination, mobility, posture, and
quality of movement.
Upon entering the program, individuals are generally evaluated by a
neuropsychologist, an occupational therapist, a physical therapist, and a speech-language
pathologist. These evaluations, staff behavioral observations, and input from the patients
and their family members lead to the individual rehabilitation plan. To help reach the
goals outlined in the rehabilitation plan, individualized behavioral data are collected
regularly. Further, the treatment team periodically evaluates the level of supervision
required, along with current physical, social, and cognitive functioning. In addition to
behavioral data, incident reports are written when maladaptive behaviors such as
aggression or elopement occur. These incident reports are tracked and reviewed by the
treatment team on a monthly basis. If the team notices an increase in behaviors in an
individual via the incident report tracking or general staff observations, a treatment team
meeting is held. The behavior changes are discussed and analyzed. Amendments may be
made to the individual rehabilitation plan. Otherwise, the individual rehabilitation plans
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are reviewed and modified at least annually during the individual rehabilitation planning
meeting.
Measures
Mayo-Portland Adaptability Inventory (MPAI-4).
The Mayo-Portland Adaptability Inventory (MPAI-4) is a measure that was
designed to aid in the clinical evaluation of individuals during the postacute or
posthospital period following a brain injury, to assist in the evaluation of rehabilitation
programs designed to treat individuals who have sustained a brain injury, and to improve
understanding of long-term brain injury outcomes. It consists of 29 items that are rated
on a 5-point Likert scale (range from 0 to 4; 0 = no or minimal problems, interferes with
activities less than 5% of the time, 4 = severe problems, interferes with activities over
75% of the time; Table 1). It offers six additional items (items 30 to 35) for the recording
of relevant preinjury and postinjury information on the individual being evaluated.
MPAI-4 items represent a range of emotional, behavioral, cognitive, social, and physical
problems that individuals may experience following a brain injury. Periodic reevaluation
utilizing the MPAI-4 provides documentation of progress and of the effectiveness and
appropriateness of the intervention. Items also provide an assessment of obstacles to
community integration which may result from features of the physical and social
environment as well as directly from the brain injury itself. The MPAI-4 can be
completed by staff members or caretakers, or by individuals who sustained a brain injury
(Malec & Lezak, 2008).
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Table 1
MPAI-4 T-Score Interpretation
Total Score

Interpretation

Below 30

Relatively good outcomes

30 to 40

Mild limitations

40 to 50

Mild to moderate range of overall severity

50 to 60

Moderate to severe range of overall
severity

Over 60

Severe

The underlying subscale structure was explored extensively in analyses of data
from previous versions that led to the identification of three domains or indexes: Ability,
Adjustment, and Participation. The Ability Index assesses mobility, use of hands, vision,
dizziness, motor speech, communication, attention and concentration, memory, fund of
information, novel problem solving, and visuospatial abilities. The Adjustment Index
addresses anxiety, depression, irritability, anger, aggression, pain and headache, fatigue,
sensitivity to mild symptoms, inappropriate social interaction, impaired self-awareness,
relationships with family and significant others, initiation, social contact, and leisure or
recreational activities. The Participation index addresses initiation, social contact, leisure
or recreational activities, self-care, residence, transportation, work or school, and money
management. Initiation, social contact, and leisure or recreational activity items
contribute to both the Participation and Adjustment Indexes (Malec & Lezak, 2008).
The fourth edition of the MPAI offers highly developed and well-documented
psychometric properties (Malec, 2005). It has been shown to offer satisfactory internal
consistency by Rasch (person reliability = .88; item reliability = .99) and traditional
psychometric indicators (Cronbach’s alpha = .89). Evaluation of the three subscales by
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Rasch revealed satisfactory reliability (person eeliability ranged from .78 to .79; item
reliability ranged from .98 to .99, and Cronbach’s alpha from .76 to .83). The subscales
correlated moderately with each other (r = .49 to .65) and strongly with the overall scale
(r = .82 to .86) (Malec, et al., 2003).
Supervision Rating Scale (SRS).
The Supervision Rating Scale (SRS) is a measure of the level of supervision
individuals receive from caregivers. Level of supervision is rated on a 13-point ordinal
scale ranking the intensity and duration of supervision received. As an option, the scale
can be grouped into five ranked categories: Independent, Overnight Supervision, PartTime Supervision, Full-Time Indirect Supervision, and Full-Time Direct Supervision
(Table 2). The Independent category refers to individuals who reside alone or with others
who do not take responsibility for their supervision, such as a roommate. The Overnight
Supervision category includes individuals who are not left alone overnight, but do not
require supervision at other times. The Part-Time Supervision category describes
individuals who are left alone for part but not all of their waking hours. The Full-Time
Indirect Supervision refers to individuals who receive 24-hour supervision, such as
monitoring or occasional assistance. The Full-Time Direct Supervision category includes
individuals who receive 24-hour supervision at a higher intensity, such as those who
require constant observation or who receive frequent assistance (Boake, 1996).
Utilizing 114 individuals with moderate to severe brain injuries, Boake (1996)
found that the SRS ratings were strongly associated with external outcome criteria, such
as living arrangement and independence in activities of daily living (ADL). ADLs can be
described as personal ADL (PADL) or self-care ADL and instrumental ADL (IADL).
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PADL includes basic self-care activities such as bathing, dressing, and eating meals,
while IADLs refer to higher level activities such as washing laundry, meal preparation,
and grocery shopping (Heinemann & Mallinson, 2010). A nonparametric ANOVA
comparing SRS ratings and living arrangements showed a significant effect of living
arrangement (X2 = 32.0; p ˂.0001), indicating that individuals who lived in more
independent arrangements also received less supervision. A nonparametric ANOVA
comparing SRS ratings and independence in ADL showed significant effects of
supervision level on percentage of independence in self-care ADL and instrumental ADL.
Interrater reliability utilizing a subsample of 19 individuals was satisfactory (intraclass
correlation = .86, weighted kappa = .64).
Table 2
Supervision Rating Scale Score Interpretation
Score

Interpretation

1 to 2

Level 1: Independent

3

Level 2: Overnight Supervision

4 to 7

Level 3: Part-Time Supervision

8 to 9

Level 4: Full-Time Indirect Supervision

10 to 13

Level 5: Full-Time Direct Supervision

Participation Objective, Participation Subjective (POPS).
The Participation Objective, Participation Subjective (POPS) is a 26-item
instrument with two scoring systems reflecting two perspectives: the individual’s
perspective of their participation and normative or societal valuations. This measure was
intended to not only measure objective normative aspects of participation but also the
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individual’s subjective view of participation. The objective measure (PO) gauges
performance in terms of frequency or duration in activity, while the subjective measure
(PS) considers preferences of the individual by gauging satisfaction with level of
engagement weighted by rating of the activity’s importance. The items in the POPS
represent significant or commonly occurring activities that are organized in five
subscales: Domestic Life (e.g., household chores), Major Life Areas (e.g., employment),
Transportation (e.g., driving or riding in a vehicle), Interpersonal Interactions and
Relationships (e.g., interacting with neighbors), and Community, Recreational, and Civic
Life (e.g., going to the movies) (Brown, et al., 2004).
The authors (Brown et al., 2004) prefaced the discussion of the reliability and
validity of the POPS with a warning. Because of the complexity of the instrument (it
provides objective descriptive data as well as subjective data), they believe that
traditional psychometric approaches are unable to adequately assess its reliability and
validity. This is because subjective data draws on an underlying construct, but the
objective data does not. The authors did not assess the instrument’s validity because they
felt there is no “gold standard” against which to compare it. They did, however, assess
test-retest reliability by administering the POPS to 65 individuals with a traumatic brain
injury 1 to 3 weeks apart. They found satisfactory levels of test-retest reliability (test
retest reliability = .75 and .80, respectively) in terms of the participation objective (PO)
and the participation subjective (PS) scores.
Noonan et al. (2010) evaluated and compared the construct validity of five
measures of participation that were developed using the ICF: the Impact on Participation
and Autonomy (IPA), Keele Assessment of Participation (KAP), Participation Measure-
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Postacute Care (PM-PAC), Participation Objective Participation Subjective (POPS), and
the World Health Organization Disability Assessment Schedule II (WHODAS II). The
IPA is a 39-item instrument evaluating participation across the domains of Autonomy
Indoors, Autonomy Outdoors, Family Role, Social Life and Relationships, and
Work/Education. The KAP is a 15-item instrument (including four screening questions)
evaluating across the domains of Mobility, Self-Care, Domestic Life, Interpersonal
Interactions and Relationships, Major Life Areas, and Community, Social, and Civic life.
The PM-PAC is a 51-item measure evaluating participation across the domains of
Communication, Mobility, Domestic Life, Interpersonal Relationships, Role Functioning,
Work/Employment, Education, Economic Life, Community, Social and Civic Life. Due
to the separate objectives of the 26 POPS items (one objective question and two
subjective questions per item), the authors consider it to be a 78-item measure. Finally,
the WHODAS II is a 36-item instrument evaluating across the domains of Understanding
and Communicating, Getting Around, Self-Care, Getting Along with People, Life
Activities (household/work activities), and Participation in Society.
The five measures were administered to 545 subjects (67% male, mean age =
51.6) treated for spinal cord injury in an acute setting (Noonan et al., 2010). Convergent
validity was assessed by examining the relationship between similar domains. Overall,
the correlations were strong (rho = ± 0.70) to moderate (± 0.50 to ± 0.69) between similar
domains within the IPA, KAP, PM-PAC and WHODAS II. As the authors expected, the
lowest correlations were observed between the objective domains of the POPS and the
other instruments. Further, correlations were lower than expected between the subjective
POPS domains and domains in the IPA, KAP, PM-PAC and WHODAS II. An
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assessment of known-group validity revealed that the IPA had the greatest number of
hypotheses supported (95%) and the POPS objective domains had the lowest (67%),
which is below the expected minimum value of 75%. These findings suggest that the
POPS assesses different aspects of participation than the other four measures.
Procedure
Permission to evaluate existing data was obtained from Bancroft in writing. Once
received, the POPS forms were reviewed and the available data were deidentified and
entered using the Predictive Analysis Software (PASW) 18.0. Bancroft’s other archival
data (SRS and MPAI-4 scores) were deidentified and imported from the PARF database
using the PASW 18.0 software for statistical analysis. The initial plan was to perform a
repeated measures multivariate analysis of variance (MANOVA) utilizing the MPAI-4,
SRS, and POPS outcome measures to determine if there were changes over time.
Unfortunately, the POPS outcome measure had to be eliminated due to inadequate data.
Due to its complexity, the majority of the POPS forms were incomplete and impossible to
fully score and analyze statistically. Therefore, a MANOVA was conducted on the
MPAI-4 indices (Abilities, Adjustment, and Participation) and the SRS, followed by an
ANOVA on the MPAI Total Score. This allowed for the evaluation of whether there
were changes in participation over time despite the elimination of the POPS. Another
MANOVA and regression were conducted to examine the relationships between the
dependent variables (MPAI, POPS, and SRS scores) and the independent variables (age,
gender, and ethnicity). Specifically, the regression was conducted to determine the
variance in MPAI, SRS, and POPS scores accounted for by age, gender, and ethnicity.
The MANOVA determined whether those injured at a younger age had better outcomes
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than those injured later in life, whether women had better outcomes than men, and
whether Caucasians had better outcomes than ethnic minorities (African Americans and
Hispanics).
The original data were collected in several ways. Initially, a neuropsychologist
educated program directors and managers on the measures and how to complete them.
The supervisors then instructed direct care staff on the measures and their completion.
During the first 3 years of data collection, the measures were completed primarily by day
and residential program managers with some input from clinicians. During the fourth
year and onward, the measures were completed by the interdisciplinary team prior to each
individual’s individual rehabilitation plan (IRP) meeting. They were consistently
completed every 6 months with treatment team consensus. The MPAI-4 manual was
reviewed during the process to ensure accurate completion.
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Results
A preliminary review of the demographic data revealed that some data for gender
and ethnicity were missing. An examination of standardized residuals was used to
identify the presence of outliers. Standardized values were created for each variable of
interest and cases were examined for values above 3.29 (Tabachnick & Fidell, 2006).
Outliers were removed from the data. Frequencies and percentages on the demographic
characteristics are presented in Table 3.
Table 3
Demographic Characteristics of Research Participants
Characteristic

n

%

Male

76

71.0

Female

31

29.0

Missing

2

Gender

Ethnicity
White

89

88.1

Non-White

12

11.9

Missing

8

Age at injury
Less than 18 years

35

32.1

18 years or older

74

67.9

Preliminary Correlations
Spearman rho correlations were conducted to assess the relationship between the MPAI-4
Total Score and the SRS at the three time points. MPAI at time period 1 was positively
correlated with MPAI at time periods 2 and 3. SRS at time period 1 was positively
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correlated with SRS at time period 3. MPAI was positively correlated with SRS at all
three time periods. The correlation results are presented in Table 4.
Table 4
Intercorrelations between MPAI-4 Total Score and SRS at Time 1, Time 2, and Time 3
MPAI

MPAI

MPAI

SRS

SRS

SRS

Total 1

Total 2

Total 3

1

2

3

MPAI 1

-

MPAI 2

.70**

-

MPAI 3

.66**

.71**

-

SRS 1

.23*

.16

.14

SRS 2

.19

.33**

.38**

-.05

-

SRS 3

.29*

.40**

.42**

.28*

.59**

-

-

Note. *p < .05, ** p < .01, two-tailed test.
Research Questions 1 and 2
To test hypotheses 1 and 2, that there are statistically significant differences in
the MPAI subscale scores (Adjustment, Ability, Participation) and the SRS by time
period (time 1 vs. time 2 vs. time 3), a repeated-measures MANOVA was conducted.
The four dependent variables were MPAI-4 Adjustment, MPAI-4 Ability, MPAI-4
Participation and SRS assessed at three time periods (time 1 vs. time 2 vs. time 3).
The assumptions of repeated-measures MANOVA were assessed in preliminary
analysis. Normality was assessed with QQ plots and one-sample Kolmogorov-Smirnov
tests. Two dependent variables (MPAI Participation, SRS) did not meet the assumption
of normality at any of the time periods assessed. However, according to Stevens (2009),
the repeated measures ANOVA is robust against violations of normality when the sample
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size is larger than 30. The Mauchly’s test of sphericity was significant for two variables
(Ability and SRS) and sphericity could not be assumed. Pillai’s trace statistic and the
Greenhouse-Geisser adjustment were used.
The MANOVA results indicated that there were statistical differences among the
three time periods F(8, 49) = 4.96, p < .001, η2 = .45. There was a large effect size of .45.
The results of the MANOVA are presented in Table 5.
Table 5
Repeated Measures ANOVA on MPAI-4 Scores and Supervision Rating Scale (SRS)
Source

df

SS

MS

F

p

η2

Adjustment

1.90

278.22

146.38

2.69

.075

.046

1.57

.215

.027

2.64

.080

.045

10.68

.001

.160

Error

106.44 5783.78 51.64
1.79

Ability
Error
Participation
Error
SRS
Error

101.98

57.00

100.20 3642.69 36.36
1.87

126.74

67.68

104.87 2693.26 25.68
1.44

273.70

189.98

80.68

1435.64 17.80

Note. F(8, 49) = 4.96, p < .001.
Post hoc analyses consisting of 24 pair-wise comparisons were conducted. The
results showed that the mean score for SRS time period 3 (M = 7.28) was statistically
larger than the mean score for SRS time period 1 (M = 4.19) and the mean score for SRS
time period 2 (M = 5.97). Scores on the MPAI subscales (Adjustment, Ability,
Participation) did not differ statistically. The null hypothesis is partially rejected; there
are differences in the SRS scores by time, but there are no differences in the MPAI
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subscales by time. This initially suggests that over time, participants require more
supervision. Though significant, it is important to note that the means for all three time
points were within level 3 of the SRS, corresponding with part-time supervision (Table
2). This suggests that although there is a statistical difference between the means, a
clinical difference cannot be assumed. All means were within the same range, which
may indicate that required level of supervision did not increase significantly over time.
The means and standard errors for the MPAI total scores and SRS scores by time period
(time 1 vs. time 2 vs. time 3) are presented in Table 6.
Table 6
Means and Standard Errors of MPAI-4 Scores and Supervision Rating Scale (SRS) for
each Time Period
Measure

M

SE

Time 1

47.26

1.26

Time 2

48.74

1.27

Time 3

50.39

1.40

Time 1

49.26

1.28

Time 2

48.53

1.11

Time 3

50.40

1.22

Time 1

49.16

1.25

Time 2

50.11

1.14

Time 3

51.26

1.22

Time 1

4.19

0.59

Time 2

5.97

0.57

Time 3

7.28

0.38

Adjustment

Ability

Participation

SRS
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Research Question 3
To test hypothesis 3, that there is a statistically significant difference in MPAI
total scores by time period (time 1 vs. time 2 vs. time 3), a repeated-measures ANOVA
was conducted. The dependent variable was MPAI total score, measured at three time
periods. In preliminary analysis, the assumptions of repeated-measures ANOVA were
assessed. The observations were independent. Three one-sample Kolmogorov-Smirnov
tests were conducted to assess the normality of the data corresponding MPAI Total Score
at each time period. The assumption of normality was met. Mauchly’s test of sphericity
was not significant, and sphericity was assumed. The results indicated there were
statistical differences among the three time periods F(2, 190) = 9.94, p < .001, η2 = .10.
There was a small effect size of .16. The results of the ANOVA are presented in Table 7.
Table 7
Repeated Measures ANOVA on MPAI-4 Total Score
Source

df

MPAI-4 Total score

SS

2

Error

MS

F

552.86 276.431 9.94

190 5283.81

p

.001

η2

.10

27.81

2

Note. F(2, 190) = 9.94, p < .001, η = .10.
Post hoc analyses consisting of six pair-wise comparisons were conducted. The
results indicated that the mean score for time period 3 (M = 48.89) was statistically larger
than the mean score for time period 1 (M = 45.53) and the mean score for time period 2
(M = 46.76). Scores at time period 1 and time period 2 did not differ statistically. The
null hypothesis is rejected; there are differences on the MPAI Total score by time. The
mean total increasing initially suggests increasing impairment over time. Notably, this

FUNCTIONAL OUTCOMES IN POSTACUTE REHABILITATION 72
small difference does not appear to be clinically significant, as all means were within the
mild to moderate range of overall severity range (total scores between 40 and 50) of the
MPAI-4 (Table 1). The means and standard deviations for the MPAI total scores by time
period (time 1 vs. time 2 vs. time 3) are found in Table 8.
Table 8
Means and Standard Errors of MPAI-4 Total Score for Each Time Period
MPAI-4 time period

M

SE

1

45.53

1.05

2

46.76

1.05

3

48.89

0.99

Research Question 4
To test hypothesis 4, that age at injury, gender, and ethnicity are significant
predictors of the MPAI-4 Total Score, the MPAI-4 Participation Index and the SRS at the
third time period, three multiple regressions were planned.
Prior to analysis, the assumptions of linearity, homoscedasticity, and normality
were assessed. Normality was assessed with QQ plots and one-sample KolmogorovSmirnov tests. Two dependent variables (MPAI-4 Participation, SRS) did not meet the
assumption of normality. Scatterplots were generated to assess the assumptions of
linearity and homoscedasticity, and two dependent variables (MPAI-4 Participation,
SRS) did not meet the assumptions. Three multiple regressions were planned, but due to
the violation of the assumptions, only one regression (MPAI-4 Total score) was
conducted. The absence of multicollinearity was assessed through examination of the
variance inflation factors (VIF) for each independent variable included in the multiple
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regression; VIF values over 10.0 will suggest the presence of multicollinearity (Stevens,
2009). All of the VIF values were below 2.0, and the assumption was met. The
independent variables in the analysis were age at injury, gender, and ethnicity. Age at
injury was a continuous predictor variable. Gender (male vs. female) and ethnicity
(White vs. all other) were dichotomous predictors. The dependent variable was the
MPAI total score, which was measured at time period three.
The results for age at injury, gender and ethnicity predicting the MPAI total score
were not significant, F(3, 87) = 1.31, p = .277. The null hypothesis cannot be rejected;
age at injury, gender and ethnicity do not influence the MPAI total score at time period
three. Table 9 presents the results for the multiple linear regression.
Table 9
Multiple Regression With Age at Injury, Gender, and Ethnicity Predicting MPAI-4 Total
Score at Time Period 3
b

SE

β

t

p

Age at injury

0.09

0.07

.14

1.31

.195

Gender

3.28

2.24

.15

1.46

.147

Ethnicity

-1.22

3.14

-.04

-

.697

Source

Note. F(3, 87) = 1.31, p = .277, R2 = .043.

0.39

Research Question 5
To test hypothesis 5, that there is a statistically significant difference in MPAI
subscales scores (Adjustment, Ability, Participation) and SRS by time period (time 1 vs.
time 2 vs. time 3) and gender, a one-within-one between-repeated-measures MANOVA
was conducted. The four dependent variables were MPAI Adjustment, MPAI Ability,
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MPAI Participation and SRS assessed at three time periods (time 1 vs. time 2 vs. time 3).
The independent variable was gender (male vs. female).
In preliminary analysis, the assumptions of MANOVA were examined. The
assumption of normality was assessed by conducting 24 Kolmogorov-Smirnov (KS)
tests. The results of the KS test were significant for males on MPAI Ability,
Participation at some time periods, and for SRS for males and females at each time
period. Those scores cannot be considered normally distributed. However, according to
Stevens (2009), the repeated measures ANOVA is robust against violations of normality
when the sample size is larger than 30. Box’s M test was not significant, and the
assumption of homogeneity of covariance matrices was met. Wilks’ Lambda statistic
was used. The results of the MANOVA were not significant, F(8, 214) = 0.16, p = .995,
partial η2 = .006. Males and females did not differ statistically in their MPAI or SRS
scores by time. The null hypothesis cannot be rejected; there is no difference in MPAI
and SRS scores by time and gender. The MANOVA results are presented in Table 10.
The means and standard deviations are presented in Table 11.
Table 10
Multivariate and Univariate Analyses of Variance on MPAI-4 and Supervision Rating
Scale (SRS) by Time and Gender
ANOVA F (1, 55)
Variable

MANOVA F (4, 52)

Adjustment

Ability Participation

SRS

Gender (G)

0.63

0.54

1.57

0.46

0.06

Time (T)

3.81**

1.72

0.99

1.76

8.33**

GxT

0.20

0.31

0.36

0.29

0.12

Note. F ratios are Wilks’ approximation of F.
** p < .01.
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Table 11
Means and Standard Errors for MPAI-4 and Supervision Rating Scale by Time and
Gender
Measure

Gender

Time

Adjustment

male

female

Ability

male

female

Participation

male

female

SRS

male

female

M

SE

1

46.36

1.52

2

48.23

1.54

3

50.21

1.71

1

49.22

2.23

2

49.83

2.27

3

50.78

2.52

1

48.13

1.54

2

47.56

1.33

3

49.87

1.49

1

51.72

2.26

2

50.61

1.96

3

51.56

2.19

1

48.39

1.51

2

49.72

1.39

3

50.92

1.49

1

50.83

2.22

2

50.94

2.05

3

52.00

2.19

1

4.13

0.71

2

6.05

0.69

3

7.44

0.47

1

4.33

1.05

2

5.78

1.01

3

6.94

0.69
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Research Question 6
To test hypothesis 6, that there is a statistically significant difference in MPAI
subscales scores (Adjustment, Ability, Participation) and SRS by time period (time 1 vs.
time 2 vs. time 3) and age at injury, a one-within-one between-repeated-measures
MANOVA was conducted. The dependent variables included MPAI subscales scores
(Adjustment, Ability, Participation) and SRS measured at three time periods. The
independent variable was age at injury (under 18 vs. 18 or older).
In preliminary analysis, the assumptions of MANOVA were examined. The
assumption of normality was assessed through the conduction of 24 KolmogorovSmirnov tests. The results of the KS test were significant for those aged 18 or older on
MPAI participation at all three time periods. SRS scores were significant at each time
period for each age group and cannot be considered normally distributed. However,
according to Stevens (2009), the repeated measures ANOVA is robust against violations
of normality when the sample size is larger than 30.
The results of the MANOVA were not significant, F(8, 216) = 1.06, p = .394,
partial η2 = .038. Individuals who experienced injury during childhood and those who
experienced an injury as an adult did not differ statistically in their MPAI or SRS scores
by time. The null hypothesis cannot be rejected; there is no difference in MPAI and SRS
scores by time and age of injury. The MANOVA results are presented in Table 12. The
means and standard errors are presented in Table 13.
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Table 12
Multivariate and Univariate Analyses of Variance on MPAI-4 and Supervision Rating
Scale (SRS) by Time and Age of Injury
ANOVA F
Variable

MANOVA F

Adjustment

Ability Participation

SRS

Age of injury (A)

2.15

1.12

5.15*

0.72

2.03

Time (T)

4.75

4.12*

1.19

3.86*

9.68**

AxT

0.95

2.28

0.09

1.64

0.03

Note. F ratios are Wilks’ approximation of F.
*p < .05, ** p < .01.
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Table 13
Means and Standard Errors for MPAI-4 and Supervision Rating Scale (SRS) by Time and
Age at Injury
Measure

Age at injury

Adjustment

< 18 years

18 or older

Ability

< 18 years

18 or older

Participation

< 18 years

18 or older

SRS

< 18 years

18 or older

Time

M

SE

1

46.53

2.19

2

51.26

2.17

3

53.32

2.40

1

47.63

1.55

2

47.47

1.54

3

48.92

1.70

1

45.90

2.17

2

45.68

1.88

3

47.00

2.06

1

50.95

1.53

2

49.95

1.33

3

52.11

1.46

1

46.79

2.14

2

48.63

1.98

3

51.21

2.14

1

50.34

1.51

2

50.84

1.40

3

51.29

1.51

1

3.37

1.01

2

5.32

0.98

3

6.68

0.66

1

4.61

0.72

2

6.29

0.69

3

7.58

0.47
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Research Question 7
To test hypothesis 7, that there is a statistically significant difference in MPAI
subscales scores (Adjustment, Ability, Participation) and SRS by time period (time 1 vs.
time 2 vs. time 3) and ethnicity, a one-within-one between repeated-measures MANOVA
was conducted. The dependent variables were MPAI subscales scores (Adjustment,
Ability, Participation) and SRS measured at three time periods. The independent variable
was ethnicity (White vs. all other).
In preliminary analysis, the assumptions of MANOVA were examined. The
assumption of normality was assessed by conducting 24 Kolmogorov Smirnov tests. The
results of the KS test were significant for Whites on MPAI Ability at one time period, for
Whites on MPAI Participation at all time periods, and for Whites on SRS at each time
period. Those scores cannot be considered normally distributed. However, according to
Stevens (2009), the repeated measures ANOVA is robust against violations of normality
when the sample size is larger than 30. Box’s M test was significant and the assumption
of homogeneity of covariance matrices was met. Pillai’s trace statistic was used.
The results of the MANOVA were not significant, F(8, 196) = 0.53, p = .833,
partial η2 = .021. White and non-White individuals did not differ statistically in their
MPAI or SRS scores by time. The null hypothesis cannot be rejected; there is no
difference in MPAI and SRS scores by time and ethnicity. The MANOVA results are
presented in Table 14. The means and standard errors are presented in Table 15.
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Table 14
Multivariate and Univariate Analyses of Variance on MPAI and SRS by Time and
Ethnicity
ANOVA F
Variable

MANOVA F

Adjustment

Ability Participation

SRS

Ethnicity (E)

0.28

0.01

0.80

0.70

0.11

Time (T)

1.23

1.23

0.31

0.50

2.24*

ExT

0.40

0.06

0.25

0.58

0.42

Note. F ratios are Wilks’ approximation of F.
*p < .05, ** p < .01.

FUNCTIONAL OUTCOMES IN POSTACUTE REHABILITATION 81
Table 15
Means and Standard Errors for MPAI-4 and Supervision Rating Scale (SRS) by Time and
Ethnicity
Measure

Ethnicity

Time

Adjustment

White

1

Non-White

Ability

White

Non-White

Participation

White

Non-White

SRS

White

Non-White

M

SE

1.35

2

46.51

3

47.64

1.33

1

1.57
49.62
45.57 3.42

2

48.14 3.37

3

49.14 3.98

1

49.51 1.43

2

48.62 1.23

3

50.84 1.35

1

47.57 3.63

2

46.43 3.13

3

46.71 3.41

1

48.98 1.33

2

49.62 1.21

3

51.47 1.34

1

46.86 3.37

2

48.29 3.08

3

47.14 3.39

1

4.31

0.66

2

6.07

0.63

3

7.29

0.43

1

5.00

1.68

2

5.29

1.60

3

6.29

1.10
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Discussion
Summary and Integration of Findings
The objective of this study was twofold: to determine if treatment at a postacute
brain injury rehabilitation program was related to positive outcomes in participation, level
of supervision required, and adaptive functioning, and to determine if preinjury
characteristics, specifically gender, age at injury, and ethnicity, were predictive of
outcome. It was hypothesized that there would be a change or improvement in
participant level of community participation, level of supervision required, and adaptive
functioning over time. These hypotheses were not supported.
Participation remained stable over time, suggesting level of participation did not
improve as hypothesized. This finding is in contrast to previous studies (Adams et al.,
2004; Goranson et al., 2003; Hammond et al., 2004; Seale et al., 2002; Worthington et.
al., 2006) that found improvement in level of participation. A possible explanation for
the difference in findings may be related to how participation was evaluated. Other
studies evaluated specific aspects of participation, such as employability (Hammond et
al., 2004), productivity (Adams et al., 2004), and employment or participation in social
roles (Worthington et al., 2006). The Participation subscale of the MPAI-4, the measure
utilized in this study, evaluated multiple aspects of participation, such as initiation, social
contact, leisure and recreation, self-care, independence related to transportation,
employment, and financial management. Initiation, self-care, transportation,
employment, and financial management are areas of weakness for many individuals with
acquired brain injuries, and therefore may have a negative impact on outcome. Finally,
most of the studies used a pretest/posttest design (Adams et al., 2004; Goranson et al.,
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2003). They had data on participation prior to engagement in rehabilitation. The current
study lacked pre intervention data for the majority of the subjects, as most were engaged
in rehabilitation years prior to the beginning of data collection. Level of participation
may have improved since intake into postacute rehabilitation but is not reflected in the
available data. The data utilized in this study was from 2008 to 2010 and was collected
approximately 1 year apart.
Contrary to the hypothesis, participants demonstrated a statistically significant
increase in supervision required over time. Though statistically significant, the mean
scores over the three time points all were within level 3 of the SRS, which corresponds
with part-time supervision. Therefore, the increase in scores may not be clinically
significant. Despite the importance of required level of supervision when considering
brain injury outcomes, there is a paucity of literature on supervision outcomes. The few
available studies found positive outcomes and were able to rate participants at admission
and discharge (Adams et al., 2004; Worthington et al., 2006). That was not the case in
this study. As previously discussed, the majority of the participants in this study had
been involved in postacute rehabilitation for years before data collection began. It is
possible that required level of supervision had decreased from admission, but was not
captured by the available data. Level of supervision may best be evaluated by
prospective studies and retrospective studies that have available admission ratings.
During future analyses of the data, this postacute rehabilitation program would benefit
from examining the progress of individuals who have available admission ratings as a
separate subset in order to evaluate the outcome in their treatment.
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The results of this study further indicated a statistically significant decline in
adaptive functioning over time. Though statistically significant, the change over time
may not be clinically significant because means across the three time periods remained in
the mild to moderate range of overall severity on the MPAI-4 (total scores between 40
and 50). This lack of positive clinical change is in contrast with other studies that
evaluated adaptive functioning outcomes (Svendsen & Teasdale, 2006; Worthington et
al., 2006). One possible explanation for this finding is the fact that some participants
within this study moved between the programs over time. Although the outcome
measure is completed through staff consensus, the staff may have changed between
ratings. This introduces possible reporting bias and interrater reliability issues. Further,
as people are believed to have improved enough to move to an environment where there
is a decrease in supervision, it is reasonable to conclude that the new staff may have
higher expectations and rate them less favorably. Therefore, scores may be affected. In
the future, it may be beneficial for patients to be rated immediately before and after a
residential move within the program. This would provide baseline functioning data at
their new site, as well as final outcome data at their previous residence.
Analysis indicated that gender, age at injury, and ethnicity did not predict
adaptive functioning. While gender, age, and ethnicity did not predict adaptive
functioning in this sample, residential site may be correlated with outcome.
Unfortunately, this study did not control for residential site. Some sites provide services
to individuals with more serious behavioral issues and may have skewed the data. Future
analyses should include conducting a MANOVA with each site as an independent
variable to evaluate outcome over time. If certain sites have poor outcomes, it would be
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simpler to intervene appropriately. Another interesting analysis would be evaluating the
outcome for individuals receiving services from residential support versus those receiving
services through an intensive outpatient program only.
The final hypotheses tested if females would have better outcomes than males,
those injured at a younger age would have better outcomes than those injured later in life,
and Caucasians would have better outcomes than ethnic minorities. Analysis indicated
that males and females did not differ statistically in their outcome scores by time, those
injured at a younger age did not have better outcomes than those injured as adults, and
Caucasians did not have better outcomes than non-Caucasians.
The literature on gender-related differences in outcome is inconclusive. While
some of the research suggests females have better outcomes than males (Groswasser, et
al.,1998; Kim, 2011; Niemeier, et al., 2007; Slewa-Younan et al. 2008), other research
found that males have better outcome (Liossi & Wood, 2009). Some of the research
corroborates the current findings and suggest that gender differences are insignificant
(Curtin et. al., 2011; Moore et al., 2010; Slewa-Younan et al., 2008; Tsushima, Lum, &
Geling, 2009). A careful analysis of the literature on gender-related brain injury outcome
revealed that the majority of studies suggesting females had better outcomes were
conducted in an acute rehabilitation setting (Groswasser, et al.,1998; Niemeier, et al.,
2007; Slewa-Younan et al. 2008). Although there is a paucity of research on genderrelated brain injury outcome in the postacute setting, the limited literature supports this
study’s findings (Moore et al., 2010; Tsushima, et al., 2009). This study adds to the
literature and highlights the need for postacute rehabilitation studies on gender
differences in outcome.
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Expecting gender differences in brain injury outcome is natural, considering
premorbid gender differences in neuropsychological functioning (Castro-Schilo & Kee,
2010; Kaiser, et al., 2009; Koles, et al., 2010) and role expectations (Schopp et al., 2001;
Willer et al., 1991). Although the research is inconclusive, it demonstrates that men are
more vulnerable to damage in one hemisphere because they tend to experience greater
hemispheric specificity for performance and verbal measures, suggesting that women’s
greater degree of bilateral processing makes them less vulnerable to cognitive decline in
cases of unilateral damage (Roof, et al., 1993; Stein, 1995). The research also
demonstrated that women tend to report higher levels of depression (Schopp et al., 2001)
while men typically report loss or change in life role, independence, and difficulty
accepting limitations (Willer et al., 1991). The loss of life role, independence, and
difficulty accepting limitations may have a negative impact on motivation, therefore
impacting performance on research measures and outcome in general. Motivation may
be especially relevant in the present study, considering that most of the patients require
some level of supervision in their residential settings, are not engaged in employment
activities, and do not reside with loved ones (loss or change in life role).
The literature on age-related differences in outcome is inconclusive as well. A
number of studies have demonstrated greater mortality and worse functional outcomes
for the elderly who sustained a TBI (Cifu, et al., 1996; Jacobs et al., 2010; Kim, 2011;
Putnam & Adams, 1992; Senathi-Raja, et al., 2010; Slewa-Younan, Baguley, et al.,
2008; Thompson, et al., 2006), others found no difference as in the current study (Curtin
et al., 2011; Rapoport & Feinstein, 2001), and one study found that younger individuals
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had poorer outcomes (Deb & Burns, 2007). The majority of the available research
suggests age at injury has an impact on outcome.
One major issue with the available literature is that it primarily focuses on acute
phase patients, not patients who are years postinjury, like the majority of the participants
in the current study. It is possible that the differential age-related outcomes found in the
acute phase of treatment is no longer a factor in the postacute phase. This study did not
account for time since injury as a confound when examining age-related differential
outcome. The literature suggests there is an interaction between age at injury and elapsed
time post- injury, with greater cognitive impairment correlated with increasing years
postinjury (Raymont et al., 2008; Senathi-Raja, et al., 2010; Wood & Rutterford, 2006).
This again highlights the importance of conducting additional research in postacute
settings, as the majority of individuals who sustain brain injuries survive, with the more
severely injured likely requiring lifelong supports.
This study may have failed to replicate age-related findings from the literature
because the most robust findings were in the elderly. Age at injury in this sample ranged
from less than 1 year to 59 years of age. No one in this sample was injured in their 60s
and beyond, a demographic with increased rates of TBI. This raises an important
question: since the elderly are believed to have poorer outcomes, are they most likely to
be referred to postacute rehabilitation or skilled nursing facilities? The clinical utility of
a postacute rehabilitation referral may be questionable to some insurance companies.
The literature on brain injury outcome and ethnicity has been consistent in
demonstrating poorer outcome for ethnic minorities versus Caucasians (Bowman et al.,
2007; de la Plata et al., 2007; Gary et al., 2009; Hart et al., 2005; Mascialino et al., 2009;
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Sander et al., 2009; Whitfield & Lloyd, 2008;), however, this finding was not replicated
by this study. Interestingly, the majority of these studies are based on outcomes during or
after acute treatment, not postacute treatment. Again, it is possible that elapsed time
postinjury impacts the strength of differential outcome related to ethnic differences,
supporting the need for more studies evaluating outcome and demographic influences in
postacute treatment. With the literature indicating that minority status has a negative
impact on outcomes after brain injury, it is important to examine what aspects of minority
status may be correlated with poor outcome. Family roles, style of symptom expression,
spirituality, gender roles, mistrust, locus of control, fatalistic attitudes about healthrelated concerns, language proficiency, acculturation, perceived racism, and mistrust
have all been shown to affect health-related outcome in minorities and should be
considered in brain injury outcomes research (Gary, et al., 2009).
There are several issues that may have impacted the results of this study. One
issue is related to uniformity and accuracy in data collection. Though staff were trained,
trainings did not initially occur on a regular basis to ensure all staff involved in data
collection were fully trained and had sufficient understanding of the measures and their
purpose. In 2011, Bancroft instituted consistent training of those involved in data
collection. The data used in this study was from 2008 to 2010 and data collection was
not conducted by consistently trained staff.
Further, follow-up data after discharge from treatment were not available for
individuals who were no longer in treatment. In outcome and efficacy studies, it is
helpful to evaluate the benefits of a program after discharge. As of July 2011, Bancroft
instituted a plan to collect follow-up data by contacting individuals discharged from
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treatment at 1 month, 6 months, and 1 year postdischarge. This will provide rich
information on functioning after treatment, providing input on how long possible gains
last and helping to determine if regression after discharge is an issue.
Follow-up data may also lend credence to the premise that the goal of postacute
brain injury rehabilitation is to either improve or maintain current functioning (prevent
regression in functioning). The goal of maintaining current functioning is believed to be
especially important within residential settings; the majority of the individuals in this
study benefitted from residential supports. Though this is discussed among rehabilitation
professionals, the literature on this goal is elusive due to the ethical dilemma that would
present itself if individuals in need of these supports were denied treatment (Eicher,
2011).
The final issue to be discussed relates to the appropriateness of the measures used
and feasibility. Insufficient data from the POPS measure led to its elimination from
analyses. Although the measure was unique in its goal of evaluating both objective and
subjective participation levels from the perspective of the person served, it is lengthy and
complicated. Completing this measure proved difficult for the individuals in this study,
most of whom have serious cognitive deficits. The poor completion of this measure
highlights the importance of utilizing staff report measures in brain injury outcome
research. Clinician report measures tend to represent a more accurate summary of
functioning than self-report measures within the brain injury population. This is due to
lack of awareness stemming from both physiological and psychological causes (Lanham,
Weissenburger, Schwab, & Rosner, 2000). While lack of awareness may provide
inaccurate outcomes data at times, it is important to understand the individual’s
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perspective or experience in order to gauge their quality of life. Self-report measures
provide important data related to subjective experiences and quality of life issues, and are
therefore critical. This study highlights the need to adjust and/or develop measures that
accommodate different levels of disability.
Best Practices Regarding Effectiveness Evaluations
Outcome evaluations allow programs to determine whether they are reaching
program goals. Evaluations are time consuming and can be costly, but provide funding
agencies with important information regarding the program’s benefits. Because of the
cost associated with outcome evaluation, best practice dictates that an evaluability
assessment be performed prior to implementing an outcome evaluation. The purpose of
the evaluability assessment is to determine if the program has the four criteria required
for a program evaluation: clear and consistent goals, plausible goals, the ability to obtain
relevant performance data, and agreement on how evaluation data will be used. If the
program does not meet all of the criteria, evaluators should determine how to foster
evaluability prior to implementing an evaluation program (Chen, 2005). Bancroft did not
perform an evaluability assessment prior to the start of data collection in 2004.
Once evaluability is confirmed, programs must determine whether to perform an
efficacy evaluation (evaluation within ideal circumstances) or an effectiveness evaluation
(evaluation in the real world). For established programs, effectiveness evaluation is the
only option, since they lack the benefit of a rigorous design required for an efficacy
evaluation (Chen, 2005; Flay, 1986). The focus of this discussion will remain on
effectiveness evaluations, as that is the model that is relevant to the current study.
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During the design and implementation stage of an effectiveness evaluation, it is
vital to establish working relationships with stakeholders and funding agencies for the
purpose of effective program conceptualization, developing a precise definition of
program goals, interventions, and outcome measures, and ensuring the collected
information is useful to both evaluators and stakeholders (Glasgow, Lichtenstein, &
Marcus, 2003). Further, evaluators should ensure the program has the capacity to enforce
eligibility criteria and screen participants, precisely record client and service data, collect
outcome data, and use evaluation results for program improvement. Minimally, outcome
measurement should occur at least once before (pre) and at least once after (post) the
intervention is carried out. The purpose is to determine if there is improvement after the
patient receives services (Chen, 2005).
Limitations of the Study
There are several limitations of this study that must be addressed. One limitation
is that the retrospective design made it difficult to ensure uniformity and accuracy in data
collection. This proved to be especially relevant with the POPS. The measure’s
complexity and length interfered with its completion and future analysis. Further, staff
training on the completion of the instruments did not occur on a regular basis, leading to
possible errors in the accurate completion of measures. The retrospective design did not
allow for the collection and preintervention data and follow-up data, vital components of
effectiveness evaluations. Conversely, the data were representative of actual individuals
receiving postacute treatment, and therefore allow for real world applications.
The comprehensive and multidisciplinary nature of postacute rehabilitation makes
it difficult to gauge exactly which aspects of treatment are either effecting change,
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leading to poor outcomes, or simply preventing or delaying regression. Further, because
it was not possible to randomly assign individuals to treatment and control groups, it is
difficult to conclude that the rehabilitation itself led to improvements or declines in
functional outcomes. The sample was also limited because it was a convenience sample
of individuals treated at one agency, most of whom have been receiving postacute
services for a considerable time.
Future Directions
The personal and financial costs associated with brain injury are undeniable. It is
important to provide effective treatment for those who are more severely injured and
require postacute rehabilitation services. In order to do so, reliable and valid outcome
measures that are sensitive enough to capture small changes within individuals who are
many years postinjury must be developed. Future endeavors should research the
development of well constructed, validated measures that can feasibly be utilized in a
postacute rehabilitation setting. Further, of those measures that are already in use,
postacute brain injury rehabilitation would benefit from identifying a set of multivariate
outcome scales that would facilitate comparison of outcome from one study to another
(Parente and Hermann, 2010). In reviewing the outcome literature, it was evident that
researchers used a variety of measures that were not directly comparable, making metaanalytic comparison difficult, and contributing to the inconsistencies in the findings. The
MPAI-4 is a well researched multivariate outcome scale that is being used across many
studies and should be considered as a standard outcome measure.
There are challenges associated with performing program evaluation within a
clinical setting. Most clinicians are not trained to conduct experimental research, and
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conducting traditional Class I efficacy studies within a postacute brain injury
rehabilitation program would not be ethical (i.e. random assignment and assigning
individuals to different manipulations) because of the unique ways in which a brain
injury affects the individual. Researchers in this field would benefit from an
investigation of different research designs that could ethically be implemented and would
provide solid outcome data (Parente and Hermann, 2010). One possible design is a
dismantled comparison design (Nathan, Stuart, & Dolan, 2003). For example, the
postacute brain injury rehabilitation could maintain one program with treatment as usual
while either adding or removing a specific component of the treatment that is believed to
be an agent of change. Another possible design would be one that uses a waiting list
control group (helpful only for programs who have waiting lists). In this design, the
participants on the waiting list could complete the outcome measures while waiting for
treatment (Kazdin, 2003).
The results of this study highlight the importance of controlling for time since
injury as well as of collecting pre- intervention data and follow-up data along with
periodic data collection during the intervention phase. This would provide data to not
only gauge the effectiveness of the intervention but vital clinical data during treatment to
determine if treatment should take an alternate course. Future studies may compare
outcomes of individuals with brain injuries who were not involved in postacute
rehabilitation to those actively in postacute rehabilitation treatment to help determine if
postacute rehabilitation indeed prevents regression. This type of study would be difficult
to implement but may be feasible for agencies who have waiting lists.
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Recommendations
Bancroft has already instituted important changes (i.e., collecting data after
discharge from treatment, regular training of staff on the measures being used in the
program evaluation) that will prove to be beneficial to the continuing evaluation of its
services. The findings of this study have led to the following additional
recommendations for future program evaluation efforts and practice in general in postacute rehabilitation:
1. Outcome is best measured when admission data is available. The majority of the
individuals in this study were receiving services prior to the start of data
collection. While Bancroft should continue to track outcomes by evaluating every
individual receiving services, those who have available admission data should be
analyzed as a separate subset to evaluate progress from admission.
2. The analyses performed in this study did not take individual programs into
account. The overall results may have been affected by higher impairment scores
within certain programs. It would be beneficial to look at outcomes in all
programs separately to evaluate if patients in certain programs are seeing a
regression in treatment. This would allow for more effective identification of
problematic outcomes and intervention. In addition to evaluating outcome at
individual sites, it would be worthwhile to consider comparing outcomes between
those receiving residential services and the growing number of individuals who
only receive intensive outpatient services.
3. While this study evaluated overall outcomes through specific measures, an
idiographic evaluation of outcome may provide important data on individualized
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goal achievement. Due to the nature of brain injury, this approach would identify
with relative ease individuals who are struggling with goal attainment and allow
for immediate intervention. Though this may be difficult, Bancroft would benefit
from developing a database for the purpose of tracking the attainment of
individual goals and monitor progress over time.
4. Bancroft should consider collecting additional data when individuals prepare to
move to a new residential setting. Within residential services, individuals move
to less restrictive settings after consistent progress and move to more restrictive
settings if behaviors become more problematic. Bancroft may benefit from
completing the outcome measures prior to discharge from one site and
approximately 1 month after admission to a new site. This will provide data on
progress within individual settings and allow for the consideration of reporting
bias during data analyses.
5. Bancroft staff would benefit from training not only on the measures being used
and their completion but also the importance of program evaluation and the
necessity of completing the measures as fully, reliably, and accurately as possible.
This is especially vital for the completion of self-report measures. The staff
assisting patients in the completion of self-report measures must work diligently
to help them fully complete the measure in order to avoid the need to eliminate
another measure from analyses in the future. Though not ideal, if participants do
not fully complete the measure in one sitting, staff should consider allowing for
future sittings in order to complete the measure as fully as possible.
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Appendix A: Measures
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Supervision Rating Scale
Circle the rating that is closest to the amount of supervision that the patient actually
receives. "Supervision" means that someone is responsible for being with the patient.

Rating

Description

Level 1: INDEPENDENT

1

2

The patient lives alone or independently. Other persons can live with the
patient, but they cannot take responsibility for supervision (for example, a
child or elderly person).
The patient is unsupervised overnight. The patient lives with one or more
persons who could be responsible for supervision (for example, a spouse or
roommate), but they are all sometimes absent overnight.

Level 2: OVERNIGHT SUPERVISION

3

The patient is only supervised overnight. One or more supervising persons are
always present overnight but they are all sometimes absent for the rest of the
day.

Level 3: PART-TIME SUPERVISION

4

5

6

7

The patient is supervised overnight and part-time during waking hours, but is
allowed on independent outings. One or more supervising persons are always
present overnight and are also present during part of waking hours every day.
However, the patient is sometimes allowed to leave the residence without
being accompanied by someone who is responsible for supervision.
The patient is supervised overnight and part-time during waking hours, but is
unsupervised during working hours. Supervising persons are all sometimes
absent for enough time for them to work full-time outside the home.
The patient is supervised overnight and during most waking hours. Supervising
persons are all sometimes absent for periods longer than one hour, but less
than the time needed to hold a full-time job away from home.
The patient is supervised overnight and during almost all waking hours.
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Supervising persons are all sometimes absent for periods shorter than one
hour.

Level 4: FULL-TIME INDIRECT SUPERVISION

8

9

The patient is under full-time indirect supervision. At least one supervising
person is always present, but the supervising person does not check on the
patient more than once every 30 minutes.
Same as #8 plus requires overnight safety precautions (for example, a deadbolt
on outside door).

Level 5: FULL-TIME DIRECT SUPERVISION

10

11
12
13

The patient is under full-time direct supervision. At least one supervising
person is always present and the supervising person checks on the patient more
than once every thirty minutes.
The patient lives in a setting in which the exits are physically controlled by
others (for example, a locked ward).
Same as #11 plus a supervising person is designated to provide full-time lineof-sight supervision (for example, an escape watch or suicide watch).
The patient is in physical restraints.

ref: Boake, C. Supervision Rating Scale: A measure of functional outcome from brain
injury. Arch Phys Med Rehabil 1996;77:765-72.

